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PREFACE 


This volume has been prepared in response to a general 
demand created by a series of articles which appeared in 
Electrician and Mechanic, Popular Electricity and Moders 
Mechanics, and The World’s Advance. The articles coveres 
briefly the apparatus employed in an experimental study o4 
high frequency current phenomena over a period of severa 
years. 


In this work, I have spared no effort to produce a treatise. 
of practical value. Theory has been ignored chiefly because 
it would serve merely to confuse the non-technical reader. 
The designs offered are more than theoretical—they are the 
result of actual construction and experiment. In many cases, 
the entire oscillation transformer has been rebuilt and rewound 
many times before satisfactory results were obtained. 


The work has been divided into six basic parts. The first 
two chapters tell the uninitiated reader what the high fre- 
` quency current is, what it is used for, and how it is produced. 
The second section comprising four chapters describes in de- 
tail the principles of the transformer, condenser, spark gap, 
and oscillation transformer, and covers the main points in the 
design and construction of these devices as applied to the work 
in hand. The third section covers the construction of small 
high frequency outfits designed for experimental work in 
the home laboratory or in the class room. The fourth sec- 
tion is devoted to electro-therapeutic and X-Ray apparatus. 
The fifth describes apparatus for the cultivation of plants and 
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vegetables. The sixth section is devoted to a comprehensive 
discussion of apparatus of large size for use upon the stage 
in spectacular productions. 


An appendix giving the current prices of the parts and 
materials required for the construction of the apparatus de- 
scribed has been added with a view to expediting the pur- 
chase of the necessary goods. 


I wish to acknowledge my indebtedness to the following 
concerns and individuals for assistance rendered in the prepar- 
ation of this volume: Victor Electric Company for illustra- 
tions of standard electro-therapeutic apparatus ; Clapp-Eastham 
Company for illustrations and the list of parts and materials ; 
Mr. Melville Eastham for a practical working knowledge of 
magnetic leakage transformer design and construction; and, 
last, but not by any means least, Prof. Wm. C. Houghton, for 
many ideas and suggestions, and much unselfish manual labor 
during the course of experiments which made this treatise 
possible. 


THOMAS STANLEY CURTIS. 


Aeolian Hall, New York City. 
February, 1916. 
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CHAPTER I. 


THE ALTERNATING CURRENT AT LOW AND 
HIGH FREQUENCIES. 


While the manuscript for this book was being pre- 
pared, the author was approached by a caller who intro- 
duced himself as an enthusiastic experimenter and a reader 
of all manner of practical books. This gentleman explained 
that he was an armature winder by trade, and that he 
wished to take up high tension work solely as a hobby. He 
- was possessed of but little knowledge of mathematics and 
had been unable to understand the many books on trans- 
former design and construction that he had purchased. 

A few minutes’ conversation with this caller brought 
to light some important points which since have prompted 
a radical and wholesale change in the method of treat- 
ment. Half a dozen pointed questions suggested the in- 
troduction to the general subject that is offered in the next 
few paragraphs, 

What the Alternating Current is—An alternating cur- 
rent is one that periodically changes its direction of flow a 
certain number of times per second. It is the reverse of the 
direct current which is assumed to leave the battery or dy- 
namo at the positive pole and return by way of the negative 
pole. With the alternating current, the terminals of the 
machine are alternately positive and negative. This char- 
acteristic is well shown in the diagram, Fig. 1, which may 
be assumed to show the course taken by a current leaving 
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the terminals of an alternating current generator having 
four field poles and having its armature or “rotor” driven 
at 1800 R. P. M. This machine would be termed a 60-cycle 
alternator because the current it delivers would make 60 
complete cycles or 120 alternations in a space of one second. 


With‘reference to Fig. 1, let us assume that A repre- 
sents the current as it starts from one collector ring of the 
machine. Following the direction indicated by the arrow, 
we find the current rises in voltage until it reaches its peak 
at B. The value then falls back to zero as the current re- 
turns to the other collector ring, C. At this point the arma- 
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Fig. 1.—Diagram showing how an alternating current periodically reverses its 
direction of fow 


ture or rotor of the machine passes to the next set of field - 
or stator poles and the current starts out over its circuit 
again, but in the reverse direction. For convenience, this is 
shown as below the zero line in the illustration. Leaving 
C, the current rises to the maximum at D and then returns 
to E. 


The period of time taken in the passage from A to E 
is just 1/60 second; in this space of time the current has 
made a complete cycle of two alterations, one in a positive 
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and the other in a negative direction. In one second of 
time, it will have made 60 complete cycles; it is therefore 
called a 60-cycle current. 

Change of Frequency.—Now let us assume that the al- 
ternator be supplied with eight field or stator poles instead 
of four. As a reversal of current occurs when the rotor 
windings pass from the influence of one pair of stator poles 
to the next pair, it is obvious that to double the number of 
stator poles is to double the frequency, if the speed at 
which the armature is driven remains the same in each 
case. On the other hand, precisely the same result is ob- 
tained if the number of poles remains fixed and the speed 
of the rotor is doubled. Therefore, the matter sums itself 
up into a simple formula which will be useful to the worker 
if he will but understand it and not fear it as some intang- 
ible form of “mathematics.” The formula is: 

Frequency = 
R.P.M. x Number of Poles 


2x 60 


Therefore, if we know the number of poles of a given 
machine and the speed at which it is driven, we may multi- 
ply the number of revolutions per minute by the number 
of poles and divide this product by 120 to find the fre- 
` quency of that particular machine. 

On the other hand, suppose we know the number of 
poles and we are required to produce a certain frequency 
from a given machine; we must determine the number 
of revolutions at which the rotor must be driven. This 
formula is: 

R.P.M. = 
2 x 60 x Frequency 





Number of Poles 
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To simplify the first formula into a form where it is 
ready for use at a moment’s notice without any calculation, 
we may say that the number of cycles per revolution will 
be equal to the number of poles divided by 2. To use this, 
let us take the case of the four pole machine. Four di- 
vided by 2 is 2. Therefore, the machine will deliver two 
cycles to every complete revolution of the rotor. If the 
speed is 1800 revolutions per minute or 30 per second, the 
frequency is 2 times 30 or 60 cycles per second.* 


Effects of Change of Frequency.—For commercial use 
such as lighting lamps and operating motors, the 60-cycle 
current is in general use in the United States. Certain 
parts of the country still use 125 and 133-cycle currents 
and in Canada the 25-cycle current is much in evidence. 


A change in the frequency of the current necessitates 
profound changes in the apparatus it is intended to oper- 
ate. It is not within the province of this work, however, 
to touch upon the alterations necessary in motors in order 
that they may be adapted for various frequencies. Suf- 
fice it to say that in the case of transformers, which are 
closely identified with the apparatus described, any change 
in the frequency of the current necessitates a corresponding 
change in the windings of the transformer. 

Generally speaking, one of the higher frequencies is to 
be preferred for transformer work, for the core may be 
lighter and smaller, and the instrument is consequently 
cheaper and easier to build. Therefore, if the worker in- 
tends to generate his own alternating current, he may well 
employ an alternator producing a 120-cycle current at 
moderate speed. As a rule, however, some form of alter- 
nating current supply is available and, in such event, the 
experimenter will, of course, find it cheaper and better to 


*For a comprehensive treatment of the theory of alternating currents, see 
“Electricity at High Peteatials and Frequencies.”—Traustrom, $2.00. 
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so design his apparatus that it will operate in a satisfactory 
manner on the circuit at hand. 

In the various descriptions of transformers which fol- 
low in later chapters, the data for all standard frequencies 
are given in order that the worker need not make computa- 
tions unless he so desires. In addition to this, one entire 
chapter is devoted to a simple explanation of the principles 
of transformer design, and, from this explanation, the av- 
erage worker will be enabled to work out any special de- 
sign that may appear desirable. 

The High Frequency Current.—When an alternating 
current is made to change its direction of flow many thou- 
sands of times per second, it is termed a “high frequency 
current.” The precise figure at which this term is properly 
applied is not very clearly defined but it is usually placed 
at the mark of 10,000 cycles per second. From this, it 
may extend into the hundreds of thousands or perhaps 
millions of cycles per second. How this current, which os- 
cillates with such inconceivable rapidity, is produced will 
be duly explained in the next chapter, but first of all let 
us consider the peculiar characteristics of which it partakes 
and the uses to which it may be put. 

Characteristics of the H. F. Current.—For the serious 
experimenter and student of modern electricity, there is 
no more fascinating study than that of the electric current 
at high potential and high frequency. The phenomena 
which may be exhibited through its agency are at once 
spectacular and startling, of inconceivable beauty and 
grandeur, and, in practical applications, of the greatest 
utility and importance. While the larger types of appara- 
tus demand that the utmost care and the finest materials 
be used in the construction, the youthful experimenter may 
satisfy his craving for immediate results by building tem- 
porary apparatus of the crudest construction imaginable 
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and still obtain effects bordering upon the marvelous. 

When the electric current is made to oscillate or change 
its direction of flow several thousand times per second, it 
partakes of some astonishing characteristics. All of the 
preconceived theories of electricity as applied to the com- 
mercial current are overthrown and the phenomena ex- 
hibited are contradictory in the extreme to the conventional 
ideas the everyday electrical worker. For example, if an 
alternating current of the commercial sort having a fre- 
quency of 60 or 125 cycles per second, be passed through 
the human body, a muscular contractive effect is produced 
and the sensation of an electric “shock” is felt. If the volt- 
age of the applied current should be higher than the hun- 
dred mark, the shock is unpleasant and perhaps dangerous; 
let it reach 1,000 volts or perhaps even half that amount, 
and the shock is in most cases fatal. On the other hand, 
if the current be made to oscillate or change its direction 
of flow with a frequency of 10,000 or more cycles per sec- 
ond, it may be applied to the body without danger or even 
discomfort at potentials running well into the tens of thou- 
sands. Let the frequency be increased still further, say 
into the millions, and the sensation of shock and muscular . 
contraction is quite absent. Its place is taken by one of 
gentle warmth. 

Spectacular Demonstrations.—The importance of this 
one peculiarity alone will be appreciated by those who 
have seen the self-styled electrical marvels upon the stage. 
Their claims to the effect that they are “taking thousands 
of volts through their bodies” are perhaps well founded 
for the presence of a spark several inches long is pretty 
good evidence of a very high potential. It is usually con- 
ceded that every inch of spark between points through 
the air represents a potential of between five and ten thou- 
sand volts. The secret of the performer’s apparent power 
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rests solely with the high frequency current. 

Perhaps the reader has seen one of these entertainers 
charge the body of an assistant to the point where a spark 
several inches in length may be drawn from the fingers, 
chin, elbow or even the tongue. A tuft of cotton or tissue 
paper held in the spark is immediately ignited, or perhaps 
the performer may light the tip of his cigarette with the 
spark taken between his finger and the body of the assistant. 
Possibly the performer may grasp the terminal of his ma- 
chine with one hand while the other holds a wire leading 
to an ordinary incandescent lamp; the assistant touches the 
remaining terminal of the lamp and the current is turned 
on. The lamp filament becomes red and perhaps white 
hot, finally burning out completely with the current passed 
through the bodies of the performer and his man. 

The stage may be darkened and the terminal of the 
apparatus connected with the body; as the current is turned 
on, the extremities of the body are seen to glow with a 
weird blue light. As the hand is raised above the head, 
streamers of purplish fire dart from the finger tips. A 
vacuum tube brought to within a distance of several feet 
from the body lights up with its characteristic glow even 
though there is no connection with the performer’s body 
or the apparatus. 


All of these experiments and hundreds of others may 
be performed with comparatively simple and inexpensive 
apparatus that is well within the reach of the average ama- 
teur mechanic. If the reader aspires to greater heights, he 
may build apparatus with which great, long sparks may be 
produced. 

The High Frequency Current in Medicine—The high 
frequency current, when applied to the human body through 
suitable electrodes and other appurtenances, can be made 
to. produce the most profound physiological effects. Ap- 
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plied through a glass electrode from which the air has been 
exhausted, the current stimulates the circulation of the 
blood, bringing it to the surface and increasing nutrition. 
Persistent application of the vacuum electrode to the scalp 
at certain intervals will restore the original color to grey 
hair. On the scalp of a partially bald patient, repeated 
applications will promote the growth of new hair if the 
roots have not been totally destroyed. 

Placing the patient in a chair having a metallic plate 
beneath its seat and behind the back, the physician may ad- 
minister the high frequency current in the form of treat- 
ment known as auto condensation and thereby reduce the 
blood pressure in cases of arteriosclerosis. The same treat- 
ment is being successfully used in the reduction of super- 
fluous flesh. i 

The general effect on the patient is a tonic one and in 
practically every case reported, the patient has been 
brightened up, given added vigor and cheerfulness, and, in 
fact, has exhibited all of the favorable effects of a powerful 
tonic without sustaining any of the unfavorable after ef- 
fects of a stimulant. 

While on the subject of the medical application of the 
high frequency current, it may be well to point out the 
fact that while no ill effects are likely to be experienced 
from the treatment in the hands of an unskilled operator, 
continued applications intended to produce a medicinal ef- 
fect upon the body should certainly not be given by the 
layman without first having had the advice of a physician. 
The two primary modes of treatment, i. e., the vacuum elec- 
trode and the auto condensation, produce diametrically op- 
posite effects. The electrode treatment tends to increase 
‘the blood pressure while the auto condensation tends to 
reduce it. It is obvious, therefore, that the auto condensa- 
tion should never be applied except in cases where normal 
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_or hyper tension is indicated. After the examination has 
been made and the treatment prescribed, there is no reason 
why the actual administration should not be given by the 
layman if the physician keeps a watchful eye on the prog- 
ress at suitable intervals between treatments. 

The Generation of Ozone and the X-Ray.—For the 
physician or the experimenter, there is perhaps no form of 
X-Ray apparatus better adapted to light office or labora- 
tory use than the high frequency coil. It is safe, convenient 
and powerful and for all cases where very short exposures 
through the heavier portions of the body are unnecessary, 
it will meet the requirements admirably. True, the X-Ray 
is never quite safe in the hands of anyone other than a 
skilled operator having years of experience on his shoulders. 
The ray generated by a tube excited with a high frequency 
current is, however, less liable to produce the characteris- 
tic burn than is that produced by any other means. Just 
why this is so, is not definitely known, but the experience 
of the past few years indicates beyond a doubt the truth 
of the statement. 

A high frequency coil to produce an eight-inch spark 
of a quality adapted to light X-Ray work can be built in 
the home workshop at only a fraction of the cost of an 
induction coil to do the same work. Furthermore, the 
high frequency apparatus is simple in construction and op- 
eration and it can be depended upon to do its work without 
the annoying delays incident to the usual induction coil 
with its troublesome interrupter and the ever-present dan- 
ger of a serious breakdown of the insulation. 


As a generator of ozone for medicinal purposes, the 
high frequency coil is particularly energetic and efficient. 
When the discharge terminals of the coil are separated be- 
yond the normal sparking distance, great volumes of ozone 
are liberated in the space filled with a crackling brush dis- 
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charge. When the vacuum tube electrode is passed over 
the body, ozone is liberated at the point of contact. For 
purposes of inhalation, a simple apparatus consisting of a 
vacuum electrode surrounded by an outer wall of glass 
with an air space between can be made to produce the gas 
in ample quantities and with the additional advantage that 
it may be collected and administered to the patient through 
a suitable rubber tube and mouthpiece. Furthermore, this 
simple appliance permits one to pass the gas through a 
small quantity of oil of eucalyptus which tends to remove 
the nitrous oxide that invariably accompaaics ozone gen- 
erated by the electric spark. 

Electrical Cultivation of Plants.—The high frequency 
current, when sent through a network of wires above a plot 
of ground, has the peculiar property of stimulating the 
plant life in the earth beneath the wires. Just why this 
should be so is not definitely known; while various theories 
have been advanced, it is possible that one and all may be 
faulty ang it is not within the province of this book to 
offer theories. The apparatus required for the cultivation 
of plants on a small scale is neither elaborate nor costly al- 
though it must be made rather rugged in electrical con- 
struction to withstand the strain of almost continuous op- 
eration for hours at a time. 

In a later chapter the data for the apparatus required 
for the cultivation of a one acre plot in the open is given; 
in addition to this, notes on the conduct of experiments with 
potted plants indoors are given as are also a few sugges- 
tions for hot-house work with both vegetables and flowers. 

The electrical cultivation of plants is entirely practical 
if a source of cheap electric power is available. On the 
small farm where water power or even gasoline engine 
power is developed, the electric current may be generated 
at very low cost in quantities sufficient for practical work. 
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The experiments have their commercial side as well as 
their purely experimental. Crops may be forced to an 
early maturity with a marked increase in the flavor and 
tenderness. Lettuce is particularly susceptible to the in- 
fluence of the current, while radishes and beets follow 
closely. For fancy fruits and vegetables the process is 
productive of results which add materially to the profits 
ordinarily to be made. 

Radio Telegraphy and Telephony.—Beyond a doubt, the 
most popular and the best known application of the oscil- 
_ latory current is in the field of radio telegraphy and tele- 
phony. Every village seems to have one or more amateur 
wireless telegraphs. 

- The oscillatory current, when vibrating within a certain 
range of periodicities, sets up electromagnetic waves in the 
ether if it be sent into an aerial or overhead wire which 
is insulated from the earth. These waves, which resemble 
light waves in point of speed but which are quite invisible, 
are radiated in all directions at a pressure of the radio tele- 
graph key. 

The apparatus described in this book is admirably 
adapted for purposes of radio telegraphy and some of the 
transformers, condensers and spark gaps represent the best 
and most modern practice in the construction of radio trans- 


mitters. 
? 


CHAPTER II. 


HOW THE HIGH FREQUENCY CURRENT IS 
PRODUCED. 


There are but three practical methods by means of 
which the high frequency current may be generated. In 
one of these methods, an alternating current generator 
having a very large number of stator pole pieces is em- 
ployed; this is essential in order that the speed at which the 
rotor must be driven may be kept within reasonable limits. 
Even so, the speeds of most of the experimental machines 
built thus far have been as great as 10,000 R.P.M. and 
the reader’s practical knowledge will doubtless tell him 
that a heavy, composite mass of metal, driven at this speed, 
introduces complications that are very likely to result dis- 
astrously should anything go wrong. The maximum fre- 
quency obtainable by this method is about 100,000 cycles 
per second and this frequency, with a useful output of cur- 
rent, is to be obtained only through the use of a very costly 
and dangerous machine. The high frequency alternator 
method, while it undoubtedly possesses some positively 
unique advantages in radio telegraphy and telephony, is 
scarcely a piece of apparatus that comes within the scope 
of this book. 

The second method is by means of the direct current 
arc. When an ordinary arc is shunted by a suitable ca- 
pacity and inductance, oscillations are set up in the circuit. 
A secondary added to the primary inductance or helix will 
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have induced in it a high frequency current similar to that 
oscillating in the primary circuit. By means of a suitable 
adjustment of the ratio existing between the turns in the 
two coils, the potential delivered at the secondary terminals 
` may be increased practically at will. . 

The most familiar use of the arc as a high frequency 
current generator is in the field of radio telephony. The 
purity of the wave generated by the arc renders it particu- 
larly well adapted to this use. For purposes of demon- 
stration, however, the arc generator is not capable of de- 
livering a sufficiently large output. With all due respect to 
the method in the work for which it is best adapted, we 
shall therefore recommend that the experimenter discard 
it, using in its stead, the condenser discharge form of gen- 
erator, a detailed description of which follows. 

Condenser Discharge Generator.—It is assumed that the 
average reader of this book will be familiar with the ele- 
mentary principles of wireless apparatus. Granting this, 
it is, of course, reasonable to believe that such readers will 
anderstand how an oscillatory current is set up in a circuit 
comprising an inductance or coil of wire, a capacity or 
condenser, and a spark gap. The condenser is charged with 
a high tension current from any convenient source such 
as a transformer or induction coil, and when the potential 
stored up in the condenser reaches a critical value, the air 
in the gap between the spark gap electrodes can no longer 
stand the strain, and the condenser discharges across the 
gap in a succession of crashing sparks. As the current 
- from the condenser crosses the gap in one direction, it lit- 
erally over-reaches itself just as a pendulum swings past the 
neutral point when given a push with the hand. When the 
first rush of current passes in one direction, a reversal of 
the cycle occurs and a second rush in the opposite direc- 
tion is effected. This operation is repeated many thou- 
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sands of times per second, the discharge gradually dying 
down until the potential across the condenser has been low- 
ered to such an extent that the spark can no longer jump 
the air gap. The Condenser immediately takes a fresh 
charge from the transformer and the entire cycle of opera- 
tions is repeated. It will be understood that all of this 
passes in an infinitesimal fraction of a second, the charge 
and discharge of the condenser taking place so rapidly that 
the observer can detect no change in the solid spark which 
appears continuously to fill the gap. 

As the current surges back and forth through the in- 
ductance, which is merely a coil of a few turns of very heavy 
wire, a similar current is induced in a second coil of wire ` 
placed in the same plane as the first. A slight increase 
in the number of turns in the secondary over those in the 
primary will result in a very large increase of potential 
between the secondary terminals, 

Unlike the low frequency or commercial transforme! 
the high frequency or oscillation transformer requires no 
iron core whatever ; indeed, the presence of iron in the center 
of the windings is not to be considered as it would be detri- 
mental to the successful operation of the transformer. 

From this the reader will note that in order to produce a’ 
high frequency current of practically any desired potential, 
it is only necessary to combine two coils of insulated wire 
of the proper proportions and number of turns with a con. 
ventional transformer, condenser and spark gap. 

The Kicking Coil Method—The operation of a high 
tension transformer for the charging of a condenser neces- 
sitates an alternating current. There are certain cases 
wherein it is desirable to produce a high frequency current 
where direct current only is available. This is particularly 
true in the case of electro-medical apparatus which must 
frequently be used at the patient’s bedside. For this type 
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of apparatus, a simple modification of the condenser dis 
charge principle is available. This method utilizes what 
is known as a “kicking coil.” 

A kicking coil is a solenoid of coarse copper wire wound 
upon a laminated iron core. If a direct current be sent 
through this winding, and the circuit broken suddenly, a 
pronounced flash will occur at the break of contact. The 
high potential represented by this flash is induced by the 
self-induction of the coil wound on the iron core. Under 
favorable circumstances the instantaneous voltage generated 
may reach from several hundred to considerably over a 
thousand volts. This potential is, of course, quite sufficient 
to charge a condenser, and it is only necessary to provide 
some suitable means for rapidly making and breaking the 
circuit with condenser and inductance in series in order to 
generate a high frequency current quite similar to that pro- 
duced with the apparatus described in the preceding section. 

Experiment has shown that a substantial vibrating in- 
terrupter with heavy silver contacts serves the purpose ad- 
mirably. Thė vibrator is actuated by means of the magne- 
tism in the core of the kicking coil. 


CHAPTER III. 


THE HIGH POTENTIAL TRANSFORMER OR 
INDUCTION COIL. 


As the reader will have inferred from the preceding 
chapter, the condenser discharge principle is employed in 
the construction of all of the apparatus described in this 
work. While the use to which each particular outfit is to 
be put governs, in a large measure, the actual construction 
and design of the component parts of the apparatus, the 
basic principle is quite the same in each case. Granting 
this, each outfit will comprise the following units: 

The Transformer on Induction Coil which converts the 
low voltage current available from the lighting circuit, or 
perhaps a battery, into a high voltage current suitable for 
charging 

The Condenser, which is composed of alternate sheets 
of metal and glass or other material having a high insulation 
resistance. The condenser discharges its load of electric 
current at high pressure across 

The Spark Gap, which is composed, essentially, of 
metallic electrodes, having accurately turned faces held in 
the same plane by means of suitable supports. In series 
with the spark gap and condenser is the primary of 

The Oscillation Transformer, which comprises two coils 
or helices of copper wire. One of these coils, the primary, 
is composed of a few turns of thick wire, while the secondary 
may have from ten to one hundred times as many turns 
of fine wire. 
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Fig. 1.—Simple open core transformer. Core is represented by C, primary by P, 
and secondary by S. 


A few general suggestions ‘relative to each of these 
units and their relations one to the other will, it is believed, 
be conducive to a clearer understanding of the detailed 
directions which follow in later chapters. No attempt will 
be made, in the present chapter, to offer details of con- 
struction such as dimensions of the parts, as this feature 
is covered specifically in the directions given in succeeding - 
chapters, each of which is devoted to a complete description 
of a certain type of outfit. The object of the general 
information in this and the following chapter is to afford 
the reader, who has delved but slightly into the intricacies 
of high tension electrical work, an intelligent insight into 
the basic principles of design and construction of the sev- 
eral units which comprise the outfit. 


Transformers.—The transformer is essentially an al- 
ternating current device. In its simplest form, it consists 
of a core, C, Fig. 1, of laminated iron, a primary winding 
of insulated copper wire, P, and over this a secondary wind- 
ing, S, also of insulated copper wire. An alternating cur- 
rent sent through one winding induces a similar current in 
the second winding. A variation in the ratio existing be- 
tween the turns of the two coils, produces a corresponding 
change in the induced voltage. 
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Such a transformer is known as an “open core” instru- 
ment because the magnetic lines of force set up in the 
straight iron core must reach around through the air as 
shown in Fig. 1 to complete the magnetic circuit. A modi- 
fication is shown in Fig. 2 which illustrates a method by 
means of which the windings of the transformer are par- 
tially surrounded by iron. This provides a ready path for 
the lines of force with a large increase in the efficiency of 
the instrument. Such a transformer is said to have a closed 
“core. 


There are many modifications of the closed core trans- 
former, all of which have merits peculiar to the uses to 
which they are put. For lighting and power work, it is 
desirable to have the primary and secondary windings as 
closely “coupled” as possible and, to this end, most power 
transformers have very compact cores which almost cover 
the windings. The effect of this close coupling is to im- 
prove the “regulation” of the transformer, i.e., to reduce 
the fluctuation in voltage from no load to full load to a 
minimum. This type is shown in Fig. 4. 


Transformers for Condenser Charging.—In the early 
days of radio telegraphy, when transformers were first used 





Tig 2.—Showing principle of closed core transformer. Lines of force pass 
rough the closed magnetic circuit instead of through the air as in Fig. 1 
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Fig. 3.—Typical oscillatory circuit showing how high frequency current is 
generated by means of the condenser discharge metho 


for the charging of condensers, the experimenter knew but 
little of the requirements of the process. The only high ten- 
sion transformers available were of the power variety with 
closely coupled primary and secondary, and the first trials 
of these gave such promising results that the workers were 
induced to carry on an extensive line of research with a 
view to improving the apparatus, 

One great difficulty was experienced from the start. 
A glance at Fig. 3 shows that the secondary terminals of 
the transformer are shunted by the spark gap, which in 
turn is shunted by the condenser and primary of the oscil- 
lation transformer in series. When the condenser dis- 
charges across the spark gap, the discharge produces a 
short circuit for the secondary current in the transformer 
after the spark has died away. This causes an arc to form 
with the result that the condenser cannot charge again as 
it should. The close coupling of the windings tends to 
hold the secondary voltage at its maximum when the short 
circuit occurs. 

Various experiments were tried to prevent the forma- 
tion of the arc, and among these may be mentioned a mag- 
netic blow out, which aided in quenching the arc; a blast 
of compressed air between the spark gap electrodes, which 
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Fig. 4.—Typical_ closed core transformer arranged for power and, lighting 
circuits, Close coupling of primary and secondary prevents excessive 
drop in secondary voltage when load is applied 


literally blew out the arc as soon as it formed; and various 
devices which mechanically separated the electrodes to a 
point where the arc was extinguished. The most familiar 
form of the latter device is the common rotary spark gap. 

As the work progressed, the experimenters discovered 
that by placing an impedance coil, consisting of a single 
winding of copper wire on an iron core, in series with the 
primary of the transformer, the arcing was materially les- 
sened and the various blow-out devices were rendered un- 
necessary to a certain extent. This procedure is illustrated 
in Fig. 5, which shows the impedance coil in series with 
the primary of the transformer, the windings of which are 
closely coupled. This was the first step in the direction of 
the celebrated “Type E” wireless transformer which was 
patented by Mr. Melville Eastham of the Clapp-Eastham 
Company, and which has been copied in various forms by 
dozens of manufacturers since its introduction. 

The design of the Type E transformer introduces the 
very quality that the makers of power transformers seek 
to avoid, namely, magnetic leakage in the core. When 
the secondary of such a transformer is short circuited by 
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the spark, the potential instantly drops to so low a value 
that the arc dies out of its own accord; indeed, it is doubtful 
if any appreciable arc forms at all. 

The principles of the magnetic leakage transformer are 
shown in Fig. 6, 7 and 8. In Fig. 6, the primary and sec- 
ondary are seen to be mounted upon separate legs of the 
rectangular iron core. This loosens the coupling to such an 
extent that magnetic leakage is set up in the space be- 
tween the windings and around the outside of the core as 
shown by the lines in the drawing. This leakage diverts 
a portion of the total flux from its path through the cores 
inside the windings and, when the abnormal load comes 
on the secondary, the potential suffers a tremendous drop 
as the regulation is intentionally poor. 

In Fig. 7, the primary and secondary are still farther 
separated by being placed upon the short legs of the core 
instead of the long ones as shown in the preceding figure. 
This is carrying the point still farther. In Fig. 8, we have 
the true Type E instrument in which a tongue of iron pro- 
jects from one leg of the core, between the windings, and 
nearly makes contact with the opposite leg. This intro- 





Fig. 5.—Transformer with closely coupled primary and secondary and the 
impedance coil in series with primary to prevent arcing at spark gap 
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Fig. 6.—Transformer with primary on one leg and secondary on other leg of 
core to introduce greater magnetic leakage. The first step in the 
development of the resonance type of transformer 


duces a partial magnetic shunt that serves every purpose 
of the external impedance coil and which has some marked 
advantages over the latter device. 

With a correctly proportioned magnetic leakage trans- 
former, brought to resonance by a suitable condenser con- 
nected in the oscillation circuit, the arcing at the gap is 
reduced to a minimum and the discharge partakes of a 
clear ringing tone not to be heard in other types of 
equipment. P 

In addition to this marked advantage, the magnetic 
leakage transformer can be made to attain a degree of 
efficiency and a power factor not possible in the ordinary 
combination with its impedance coil. 

Secondary Potentials—The proper potential for the 
secondary in the case of the resonance transformer (the 
term that will henceforth be applied to the low-frequency 
alternating current transformer designed for condenser 
charging) will depend upon the condenser with which it 
is to be used and also upon the type of spark gap employed. 
Since the introduction of the Federal radio telegraphic 
laws which govern the wave length of amateur stations, 
the tendency has been in the direction of higher potentials 
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tor wireless telegraphic work. The higher potential per- 
mits a smaller condenser to be used. For other high fre- 
quency work, however, there is no particular advantage to 
be derived from the high voltage secondary and its use in- 
volves certain electrical and mechanical difficulties that are 
expensive and annoying to surmount. 

The most satisfactory potentials, in the author’s experi- 
ence, have been from 4,000 up to 12,000 in transformers 
ranging in size from 1⁄4 k.w. to 3 k.w. This range of po- 
tential, with a .03 mfd. condenser has been found quite suit- 
able in the construction of many sets of apparatus. 

With the quenched type of spark gap, a totally differ- 
ent condition is met. Secondary potentials as low as 900 
to 1,000 volts are excellent in the case of small transformers 
of capacities ranging from 4% to % k.w. For the larger 
sizes, the potentials may run up from 2,000 to 3,000 volts. 
The quenched gap, which will be specifically described later, 
is exceedingly short and a much lower potential is, accord- 
ingly, in order. 

Transformer Construction—In each chapter of this 
book, wherein a set of apparatus is described, the complete 
specifications for the construction of the transformer are 
given. The object of this discussion will, therefore, be to 
cover only briefly the essential principles of the construction. 





Fig. 7—Primary and secondary on short legs of core and widely Separated to 
increase magnetic leakage. This construction renders externa! 
impedance coil unnecessary 
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Fig. 8.—Type E transformer with tongue of iron to increase magnetic leakage 
between windings 


The transformer core in each case should be of thin 
sheets of silicon steel, .014 in. thick, and made expressly for 
use in transformers and other alternating current appara- 
tus. In the directory of materials, in the back of the book, 
the prices of this steel will be found. It is practically as 
cheap as the so-called transformer iron and, if results count, 
it is much cheaper than stove-pipe iron. 

The construction of the core is simple. The silicon 
steel can be bought in sheets or, preferably, in pieces cut - 
to size and ready to assemble. The rectangular pieces are 
placed one upon the other to make piles of the required 
thickness for the assembled core and then firmly gripped 
with a binding of tape. 

The windings are made on simple wooden forms, either 
in a lathe or else on a hand winding device. The winding 
is invariably that known as the layer method. The “pie” 
winding, described in so many of the older books on radio 
construction, has been tried out thoroughly by the author 
and by many of his colleagues; the result is a wholesale 
denunciation of it, bag and baggage, as it were. True, a 
modification of the pie winding is seen in many of the de- 
signs presented in this book but the pertinent fact is that 
the directions do not call for an annulus of wire, held to- 
gether by wax, and with the turns laid on any-which-way. 


THE HIGH POTENTIAL TRANSFORMER 25 


The sections may be thick or thin, but however they may 
be, they should be wound in even layers with a layer of in- 
sulating paper between layers of wire. This rule is in- 
variably followed throughout in the description of the 
windings. 

Enameled wire is favored in all secondary transformer 
windings. In the case of the induction coils, to be described, 
the wire may be cotton covered, as these windings are sub- 
jected to wax impregnation. The induction coil secondary 
is called upon to stand enormous potentials and it is sub- 
jected to but little heat. The transformer secondary. on 
the other hand, may become quite warm, in operation and 
it should therefore be constructed to withstand this rise 
in temperature without deterioration. In this case, the 
enameled wire is excellent for it is impervious to moderate 
degrees of heat. 

Transformer Design. _The questions: “How many 
turns of wire do I use in the primary?” and “What size 
should the core be?” are familiar ones in the files of the 
author. The computation is simple and it does not involve 
any great knowledge of mathematics for its working-out. 

There are just a few basic principles to bear in mind 
before starting the calculation. The first determination 
is, of course, the capacity of the finished instrument. As 
the % k.w. size is a popular one, this size has been selected 
for the example. As the transformer is to be used for 
charging condensers, a large magnetic leakage is desired 
and this governs the shape of the core and the method of 
placing the windings. High efficiency is obtained only at 
correspondingly high cost and great weight of materials. 
In the present discussion of transformer design, the vari- 
ous computations have been reduced to the very simplest 
form possible in order that the scheme may be within the 
reach of any amateur worker who knows how to use simple 


2% HIGH FREQUENCY APPARATUS 


arithmetic. The subject of copper losses has been neglected 
solely because it introduces one more calculation that has 
no practical bearing upon the net results obtained. 

Let us assume, arbitrarily, that we wish a transformer 
of an efficiency approximating 93 per cent. Incidently, the 
transformer designed in this chapter is the one employed 
in the later chapter on experimental high frequency ap- 
paratus. We wish a secondary potential of 5,000 volts; a 
primary wound for 110-volt supply ; and we wish to operate 
the instrument on a 60-cycle circuit. If we wish an output 
of % k.w. or 500 watts, and the efficiency is to be 93 per 
cent., it is obvious that we must have a greater input than 
500 watts in order to compensate for the 7 per cent. loss. 

The input is calculated by dividing the output by the 
per cent. efficiency; thus: 


= 537.6344+ 
- 93 
or we must have an input of 537.6344 watts in order to take 
out 500 watts. 

Core Volume.—The volume of the core receives our at- 
tention next. The initial step is to determine the watts 
loss in total and by subtracting 500 from 537.6344, or out- 
put from input, we find that the loss in the transformer is 
37.6344 watts. This loss is made up of the J?R losses which 
are due to the heating effects in the copper of the windings, 
and the hysteresis and eddy current losses in the core; 
the latter are known as the core losses. The core losses 
constitute about 47 per cent. of the total of 37.6344 watts, 
or 17.688 watts. Approximately 20 per cent. of the total 
core loss will be the eddy current loss and the balance of 80 
per cent. must, therefore, constitute the hysteresis loss. To 
determine the latter loss in our core, we take 80 per cent. 
of the core loss of 17.688 which gives us 14.1504 for the 
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watts lost through hysteresis. 


Various Frequencies.—For practical purposes of the 
worker who builds the apparatus described in this book, the 
change in design necessary to adapt the various transformers 
for use on the various frequencies in commercial use, may 
be simplified so that when the design has been worked out 
for the 60 cycle instrument, the windings for 25 or 125 cycles 
become a simple matter of proportion. The cores may remain 
the same for all frequencies. Taking 60 cycles as the standard, 
the winding for 125 cycles may have just one-half the number 
of turns. The 25 cycle winding will have twice as many 
turns as the 60 cycle. In order to provide space for the ad- 
ditional turns of the 25 cycle winding, a wire one or two 
sizes smaller may have to be used but this is permissible in 
view of the intermittent work of the instrument. 


Proportions of Core.—The proportions of the core call 
for some plain common sense and rule-of-thumb calcula- 
tion. One thing to bear in mind is that the core must not 
be made too long and slim as the reluctance is then too 
great and the primary and, consequently, the secondary 
will have an inordinate number of turns with relatively 
high copper cost. On the other hand, to make the core 
too short and thick renders the winding difficult of insula- 
tion and the coupling too close. Experience only can denion- 
strate the happy. medium at first trial. The diagram given 
in Chapter IX shows a core of good proportions for this type 
of transformer and it may well be used as a pattern for 
instruments of larger or smaller size. 


Let us take the cross-section of the core at 2 inches 
square for a trial. We must have at least 94.33 cu. in. of 
iron in all. If we make the rectangle of the core 934 in. 
long and 634. in. wide, outside dimensions, we shall have 
934 + 934 + 2% + 2% or 25 inches of core leg. The 
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section is 2 times 2 or 4 square inches. The length, 25, 
multiplied by the section, 4, gives us 100 cubic inches for 
the volume of this core. As it is always well to err on the 
right side, this core may be taken as quite satisfactory. The 
computations for the windings which follow will show that 
its proportions are just right. To determine the weight 
of the core we multiply its volume, 100 cu. in. by .25, as 
each cubic inch of laminated silicon steel weighs approxi- 
mately 14 lb. This gives us 25 pounds as the weight of 
the iron in the core. 

We may next figure the current in the secondary wind- 
ing at full load. As the potential is to be 5,000 volts, and 
the output 500 watts, we may divide secondary watts by 
secondary volts to find secondary amperes, which in this 
case will, of course, be .1 ampere. In power transformer 
work it is customary to allow at least 1000 circular mils 
of area in the conductor for: each ampere of current to be 
carried. For our purposes, however, the transformer is to 
be used but a short time when it is permitted to cool and 
in practice a density of 600 circular mils per ampere has 
been found quite satisfactory and safe. 

As the secondary current is .1 ampere, we find that our 
secondary conductor must have an area of 600 times .1 or 
60 circular mils in order that it may safely carry the cur- 
rent. In the back of the book, we find tables giving the 
area of copper wires in circular mils. No. 32 is found to 
have an area of 63.21 and this wire is accordingly quite 
suitable. 

The primary current is next in order. Ata unity power 

- factor, the primary watts divided by primary volts gives 
primary amperes. This we find to be 537.63 + 110, or 4.88 
amperes. As the power factor of this type of transformer 
may be assumed to be in the vicinity of 85 per cent., we 
shall have to compensate for this by using a somewhat 
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larger current value in the primary. Taking the apparent 
amperes as 4.88, we may multiply by 1.15 (assuming a 
power factor of 85 per cent.) and we get 5.61, or 5.61 actual 
amperes in the primary winding. Allowing here, also, 600 
circular mils, we find that the primary conductor must 
have an area of 600 times 5.61, or 3366 circular mils. The 
wire table tells us that No. 15 has an area of 3,257 while 
No. 14 has an area of 4,107 circular mils. Following the 
rule of plenty, we may adopt the latter as the correct con- 
ductor to use for the primary. 

We now come to the point that has puzzled more ama- 
teur experimenters than almost any other, i. e., the calcula- 
tion of primary turns. Of course, once this number is 
known, the determination of the secondary turns is a simple 
matter. The formula for the primary is not complex, and 
its working requires only the application of ordinary arith- 
metic. 

The maximum flux is equal to the density multiplied 
by the area of the core in square inches. The e.m.f. gen- 
erated in the primary winding is: 

Ep = 

444 N Tp n 
108 

N—maximum flux. 

Tp—primary turns. 

n—frequency. 

Ep—impressed primary voltage, therefore 

Tp = 

Primary voltage x 10° 

444xNxn 

Working this formula, we first determine the maximum 
flux. As the section of the core is 2 inches, we square this 
to get the area, or 4 inches. Multiplying the area by the 
density per square inch, we find that 4 times 30,000 will 


where 


30 HIGH FREQUENCY APPARATUS 


give us 120,000 for the maximum flux, N. The primary 
voltage is assumed to be 110 and the equation therefore 
becomes : 
110 x 100,000,000 
= 363 + turns in the primary. 

4.44 x 120,000 x 60 

As the turns in the secondary are found by the follow- 
ing formula, this calculation becomes simple: 

Es | 
Tp x ————— where 
Ep 
Es reresents secondary voltage, and Ep the primary voltage. 
The secondary turns, assuming a secondary potential of 
5,000, are as follows: 
5,000 
363 x ——_——_—_—- = 16,480 turns in secondary. 
110 

The space on the core for the primary and secondary 
winding is 234 in. long. Reference to the table of cotton 
covered wire shows that No. 14 D.C.C. wire winds about 
13 turns per inch. As some space is quite essential between 
winding and core, let us make the primary winding 2%4 
in. wide which will leave a space of 1⁄4 in. on either side. In 
2% in. we can wind 30 turns of the primary wire and, ac- 
cordingly, we shall require 12 layers in order that the re- 
quired 360-odd turns may be placed. Wound with a few 
thicknesses of oiled paper between layers of wire, the thick- 
ness of the primary winding from inside to outside of the 
coil or solenoid will be rather more than one inch. 

If the transformer is to be operated on 70 volts, as 
from a rotary converter, the primary will contain 70/110 
as many turns of wire. Working this we find that the 
proper number is 231 turns. For convenience, the primary 
may be made with the full quota of turns for 110 volts, with 
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a tap at the 23lst turn for the 70-volt connection. Like- 
wise, for 220 volts, the number of turns would have to be 
doubled and in this case the wire would need to have but 
half the area. This would be No. 17 wire which has an 
area of 2,048 circular mils. For a maximum of conveni- 
ence and adaptability with a minimum of complication, the 
winding may be of 363 turns of No. 14 wire, tapped at 231 
turns, and then upon the No. 14 wire may be placed an 
additional winding of 363 turns of No. 17 wire with its 
starting end joined to the finishing end of the first winding. 
This primary permits the transformer to be used on 70, 
110, and 220 volts without any change other than a simple 
connection. 


The secondary turns we know to be 16,480. No. 32 
enameled wire is suitable for this winding and this wire 
winds 112 turns per inch. Suppose we make each layer of 
secondary wire contain 230 turns; this will bring the width 
just over 2 inches which allows a good space for insulation 
from the core. Seventy-two layers of wire will give us 
16,560 turns which is near enough to the stipulated 16,480. 
Perhaps for the sake of having finishing and starting turns 
come on opposite sides of the winding, it may be well to 
wind but 71 layers which will give 16,230 turns. This pro- 
cedure is allowable and, indeed, preferable, as the difference 
of a hundred-odd turns in the secondary will have no ap- 
preciable effect upon results. 

The calculations for the weight of primary and second- 
ary wire are obvious. If the coils are wound upon round 
forms, as they may well be, the average length of turn is 
easily determined and multiplied by the total number of 
turns. This reduced from inches to feet gives, on compari- 
son with the wire tables, the weight of the wire in pounds. 

Induction Coils.—In places where the 110-volt lighting 
current is not available, a battery of generous proportions 
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may be made to produce a high frequency current through 
the medium of an induction coil in place of the alternating 
current transformer. The coil for this work should be con- 
structed expressly for the purpose of charging condensers 
and its design is radically different from that of the con- 
ventional coil built to produce a long and stringy spark. 

While almost any coil will give some results, the 
greater effects will be shown with a coil having a compara- 
tively short and thick core and a secondary winding of 
rather coarse wire, as secondaries go. The secondary 
should be bunched near the center of the core rather than 
spread out over the entire length. The primary should be 
wound, preferably, with two small wires in parallel rather 
than with one large wire. This method permits of a closer 
winding and the inside diameter of the secondary may, ac- 
cordingly, be made smaller. 

The secondary coils should be layer wound and not pie 
wound. Ina large coil, from four to eight sections of layer- 
wound coils will give ample insulation as the potential is 
not nearly so high in this type of coil as is the case with 
the type built for X-Ray work. The individual sections 
may be impregnated with a mixture of equal parts of rosin 
and beeswax. 

Induction Coil Design.—The design of the coil for con- 
denser charging may be summed up in a few words. We 
cannot calculate the different parts so nicely as we did for the 
transformer and our design must of necessity be a product 
of the “rule-of-thumb” school; that is, for the practical pur- 
poses outlined in this book. The core should take a cer- 
tain fixed proportion and this may be stated as follows: 
The length of the core to be not greater than eight times 
its diameter; that is, a core eight inches long would be one 
inch in diameter, and so on in proportion. The number of 
turns in primary and secondary are dependent upon the 
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voltage at which the coil is to be operated, the speed of 
the interrupter, etc., and, as the specifications given in this 
book are culled from practical experience, it is useless to 
attempt an explanation of the process through which this 
data was obtained. 

Kicking Coils.—The kicking coil is a simple solenoid 
of comparatively coarse wire enclosing a core of iron wires 
tightly packed. It is preferable to the induction coil, with 
its primary and secondary, for use on 110-volt direct cur- 
rent circuits where a transformer cannot be used. 

The design here is also a matter of experimental work, 
and no attempt will be made to expound the theory. Com- 
plete specifications are given in succeeding chapters on the 
construction of the various outfits in which kicking coils are 
satisfactory. 


c= CHAPTER IV. 


THE OSCILLATION CONDENSER. 


The function of the high potential condenser in a set 
of high frequency apparatus is to take the high tension cur- 
rent from the transformer or induction coil, store it up 
until the “condensed” energy reaches a certain critical value, 
and then discharge the current across a suitable spark gap, 
thereby setting up electrical oscillations which constitute 
what is called the high frequency current. In its simplest 
practical form, the condenser consists of two sheets of tinfoil 
separated by a sheet of paper. Such a condenser will have a 
certain electrostatic capacity designated by the word “micro- 
farad” or fraction or multiple thereof. The single sheet of 
paper with its foil coatings will have a capacity of but a 
small fraction of a microfarad or mfd. as it is abbreviated. 
By placing sheets of paper and tinfoil alternately in a pile 
and connecting the alternate leads from the foil in multiple, 
a condenser of practically any desired capacity may be 
made, the capacity increasing in direct proportion to the 
number of little condensers connected in multiple. On the 
other hand, if we take two identical condensers and con- 
nect them in series, the pair will have but half the capacity 
of either unit. 

High Potential Condensers.—If a high tension current 
were impressed upon the simple condenser just described, 
the paper insulator or “dielectric” would not stand the strain 
and the current would puncture the paper. Therefore, in 
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Fig. 1.—Single plate of glass coated on both sides with tin foil 


order that the high voltage current may be used to store 
a large amount of energy in a condenser, the dielectric must 
be made of some material possessed of exceptionally good 
insulating qualities. Glass and mica are perhaps the best 
adapted to the purpose of the amateur builder. An air con- 
denser is good as is also a condenser the plates of which 
are held in a tank of oil; these latter types are difficult and 
expensive to build, however, and they are, moreover, very 
cumbersome and heavy. 


‘For permanent installations, where the apparatus need 
not be moved about, a modification of the latter type is 
excellent. By building first an ordinary glass plate con- 
denser and then immersing it bodily into a tank of oil, all 
brush discharges, which represent leakage and waste, are 
eliminated. 


For most purposes of the amateur or experimenter, 
however, the simple glass plate condenser is quite satis- 
factory. Old photographic negatives of the 8 by 10 in. 
size may be had for the asking in many professional pho- 
tographers’ establishments. This glass is of the finest quality 
available in the open market, and it is certainly to be preferred 
to the ordinary window glass that is frequently used for that 
purpose. 


If the 8 x 10 negative glasses are coated on both sides 
with tin foil cut into 6 x 8 in. pieces, each plate or separate 
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condenser will have a capacity of approximately .001. mfd. 
These plates may conveniently be grouped up into units 
of ten plates each, each unit therefore having a capacity 
of 01 mfd. By assembling any desired number of units 
into a suitable case or rack, the correct capacity for the 
apparatus under construction will easily be provided. 


The tinfoil plates may be secured to the glass by means 
of quick-drying gold size, which is a varnish, or the foil may 
be applied after the glass has been given a very thin coat 
of beeswax applied when the glass has been heated gently 
over a flame or in an oven. In either event, it is well to 
apply the foil in a slightly larger size and trim afterwards. 
As the foil comes in sheets 614 x 81 in. this is easily done. 


When the foil has been secured on both sides of each . 
piece of glass, the units may be assembled with strips of 
thin copper ribbon placed alternately projecting to right 
and left between the plates of the unit. These lugs, of 
course, provide the means of connection. The unit is then 
bound with linotape at top and bottom, the lugs folded 
around lengths of flexible lamp cord and soldered, and the 
entire unit immersed for two hours in a molten compound 
of equal parts of beeswax and rosin. When this mixture 
cools, it will form a solid, non-hygroscopic seal for the unit 
of the condenser, preventing brush leakage, and excluding 
moisture. This procedure is to be followed in the con- 
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Fig. 2.—Ten plates of glass built up into a unit with alternate lugs connected in 
multiple 
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MOULDED 





Fig. 3.—One section of moulded condenser 


struction of every condenser described in this work with 
the exceptions specifically noted. 

Mica Condensers.—The use of mica as the dielectric for 
the condensers of portable high frequency apparatus cannot 
be too strongly recommended. The material is light in 
weight and it is possessed of electrical properties that ren- 
der it admirably adapted to the purpose. Electrical mica 
is costly, however, and as the size of the sheets increases, 
the cost goes up in proportion; but the price is not pro- 
hibitive if light-weight is an important consideration. The 
mica may be obtained in small sheets of almost any desired 
thickness. The method of assembly is identical with that 

‘of glass. 

Moulded Condensers.—This type of condenser is not 
within the reach of the amateur constructor’s shop equip- 
ment as its manufacture requires the use of very expensive 
dies and presses capable of exerting enormous pressure. The 
moulded condenser may be purchased outright, however, 

` in sections having a capacity of .002 mfd. each. 

The moulded condenser is mechanically strong—indeed, 
it is practically unbreakable. The conducting material is 
of copper in sheets approximately five inches square and ~ 


a 
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these sheets are completely sealed into a solid block of 
hard, waterproof, and practically heatproof composition that 
forms also the dielectric between the plates. Such a con- 
denser is ideal for the portable outfit for use on the stage 
or where great ruggedness is essential. Each section 
_weighs approximately 2 lbs. and an entire condenser of 
02 mfd. capacity would weigh but a fraction over 20 lbs. 
The outside dimensions of each unit are 6% x 6% in. while 
the thickness is about 1% in. 


CHAPTER V. 


THE SPARK GAP. 


The function of the spark gap is to provide a gap be- 
tween suitable metal electrodes for the high potential cur- 
rent stored up in the condenser to leap across, thereby 
setting up the electrical oscillations. The gap, in its 
simplest form, is a pair of zinc cylinders placed end to 
end and insulated from each other; a means is provided 
whereby the distance between the electrodes may be ad- 
justed to the necessary point. This adjustment may be 
provided conveniently by threading the rods of zinc and 
supporting them in standards in which tapped holes have 
been prepared. A large knob or disc of fibre on one elec- 
trode enables the operator to make the adjustment while 
the current is passing. 

This simple gap is open to many objections when the 
higher powers are encountered, although it is quite sat- 
isfactory for use with the induction coil sets or small trans- 
former outfits. On transformers of 1⁄4 K. W. or over, the . 
simple gap quickly becomes heated to excess and the op- 
eration is unsatisfactory. An improvement is afforded by 
placing radiators on the electrodes to aid in the dissipation 
of the heat as it is formed. A further improvement is the 
use of larger electrodes of zinc and a step still further is 
taken if the electrodes are made of nickel-steel; owing to 
the difficulty of work this substance, however, it is not 
considered within the reach of the experimenter. It is 
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Fig. 1—Two forms of stationary spark gaps. The type at the right is fitted with 
radiating discs to dissipate the heat generated by the spark 


sometimes possible to obtain the nickel-steel rod in suit- 
able lengths, however, and, in this event, it should most 
certainly be employed. 

If an air blast is directed against the electrodes and 
into the gap, the operation will be improved materially. 
The current of air serves not only to cool the electrodes 
but to wipe out any arc that may tend to form. 

The Rotary Gap.—In this type of gap, one electrode 
is stationary while the other rotates past it a certain number 
of times per second. The various modifications of this 
simple rotary gap are bewildering to contemplate and no 
attempt will be made to describe all of them. Suffice it 
to say that the rotating member may consist of a single 
disc of metal from the periphery of which pieces have 
been cut to form teeth; or it may be a disc of metal with 
metallic studs fastened to it to form the rotating elec- 
trodes; or it may be a disc of insulating material with 
metal studs passing entirely through it near the periphery; 
‘in the last instance, the stationary electrode will be in 
duplicate, with one on either side of the revolving disc. 

The advantages of the many types are mechanical 
rather than electrical. The builder, in selecting a certain 
type, will have to consider the limitations of his shop equip- 
ment. One is about as good as the other so far as results 
are concerned, and almost any rotary gap is better than 
even a good one of the stationary form. 
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The number of studs or sparking points required will 
depend upon the diameter of the rotor disc and the speed 
at which it is to be driven. The number of studs and the 
speed govern the tone or pitch of the note imparted to the 
spark. With 12 points and a motor running at 1,800 R.P.M., 
the tone of the spark is musical and pleasant to the ear; 
this is in striking contrast to the crackling or crashing 
spark of the stationary gap. While this feature is of 
greater importance in the case of radio telegraph apparatus 
than with demonstration coils, still the pleasing musical 
note makes a good impression upon the audience. 

The distance between the rotating and the stationary 
electrode should, in general, be as short as possible with- 
out striking. The gap should certainly be adjustable by 
small degrees and the adjusting mechanism should prefer- 
ably employ a screw with an insulated knob in order that 
the spark gap may be varied while the current is passing. 

The Quenched Gap.—By making the spark gap elec- 
trodes very massive, facing them off very accurately in a 
lathe, providing large radiation surface on each electrode, 
and, finally, by supporting the electrodes in such manner 
that the separation of their faces is but a few thousandths 
or perhaps hundredths of an inch, we have what is com- 
monly termed the quenched gap. The large mass of metal 





Fig. 2.—Simple rotary gap 
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Fig. 3.—Simple form of quenched gap 


and its radiation surface tends to dissipate the heat as fast 
as it is produced and the condenser discharge takes the 
form of a series of very short, clean, and nearly undamped 
surges. The large surface and the short gap increase the 
total number of discharges per alternation of the current 
from one or two per alternation to several hundred or per- 
haps a thousand. This does not mean that the frequency 
of the current is affected by the quenched gap character- 
istics just mentioned. The frequency of the oscillations 
may be just as high in the ordinary gap but the groups 
or trains of oscillations, or perhaps we had better say the 
groups of condenser discharges, may occur many more 
times per second, or per alternation of the current, in the 
quenched gap. That is to say, the condenser becomes 
charged and discharged many more times per second, while 
the frequency of the oscillations in each separate discharge 
may remain fixed. 

The advantages of the quenched gap are manifold while 
the difficulties identified with its construction and use are 
almost as numerous. The quenched gap requires good 
tools and good workmanship. In operation, it is likely 
to become overheated and its operation will then be un- 
steady. It is heavy as compared with the ordinary gap 
and it is costly. 
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To counterbalance the disadvantages enumerated, we 
may say that the results obtained with this form of gap 
are remarkable. The high frequency discharge from a 
Tesla or Oudin coil operated with it is astonishing; in- 
stead of the thin, wiry discharge or spark, we get a flaming, 
white discharge that can best be compared with the flame 
from a very high potential, low frequency transformer. 
The high frequency discharge is not silent, however, but 
it partakes of a loud crashing hiss. For electro-therapeutic 
work, the quenched gap is splendid, providing it is properly 
designed, built, and cared for. The X-Ray current is par- 
ticularly energetic and for auto-condensation, where a high 
discharge rate is imperative, the milli-amperage may reach 
1400 without great discomfort to the patient. So, the 
reader will see that even with all of its many troublesome 
features, the quenched gap is well worth building, if for 
purposes of experiment only. 


The Rotary Quenched Gap.—For radio telegraphy, a 
high pitched note is highly desirable as this spark can be 
distinguished from the atmospheric crashes and other ex- 
traneous sounds so often heard in the telephones of a 
radio receiver. The ordinary rotary gap gives this note 
and works well. The 500-cycle alternating current sent 
into a special transformer and used to discharge across a 
quenched gap works even better but the 500-cycle cur- 
rent is a thing not to be attained by the average experi- 
menter. Along came a chap a few years ago with a com- 
bination of quenched and rotary gap that threatened to dis- 
place the 500-cycle sets for, by means of his transmitter, 
the ordinary 60-cycle current could be sent into the ap- 
paratus and be made to produce a clear-cut musical note 
with every possible advantage of the quenched gap and 
with many additional advantages as well. 


In the rotary quenched gap, the rotating electrode ~ 
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takes the form of a large copper disc having radial slots 
milled across its surface and thus leaving wedge-shaped 
members of copper protruding for the sparking surface. 
The stationary electrodes were two in number, each form- 
ing a semi-circular piece of copper with radial slots and 
projections to correspond with the rotary member. The 
latter was placed upon a shaft and mounted in suitable 
bearings so that it could be held with its face but a few 
thousandths of an inch from the stationary members, and 
rotated at a high rate of speed. Here we have the true 
quenched gap, subdivided into a series of discharge points 
which, when the disc was rotated, split the condenser dis- 
charges into groups which were clearly defined and which 
imparted the beautiful musical tone to the spark. 

Such a gap is within the reach of the advanced ama- 
teur mechanic who is well-supplied with tools and who 
knows how to use them. As the gap presents no particu- 
lar advantages for the apparatus described in this work, 
the constructional data have not been appended. Com- 
plete blueprints for a gap of 1 K. W. capacity can be 
supplied by the author, however, to those who are suff- 
ciently interested to desire to build such a gap for radio 
work.* 


* For prices and specifications, see advertising pages in back 
of book, 


CHAPTER VI. 


OSCILLATION TRANSFORMERS. 


The function of the oscillation transformer is to take 
the oscillatory current set up by the discharge of the con- 
denser across the spark gap, and increase it from a poten- 
tial of a few thousand volts to practically any desired po- 
tential. While the principle is exactly the same as that 
involved in the ordinary low frequency transformer, the 
high frequency type is possessed of a few characteristics 
peculiarly its own. For instance, the primary winding of 
the oscillation transformer may have from one to ten turns 
of very thick copper condu¢tor in it; in this short and very 
low resistance winding, current oscillates at a potential 
of several thousand volts. The secondary of the oscil- 
lation transformer may contain but a single layer of wire, 
with a total number_of turns running into hundreds 
instead of thousands or tens of thousands as is the case with 
the low frequency type; but in this short secondary, with 
its few turns, may be induced an immeasurably great po- 
tential—a voltage running into the millions. The third, and 
perhaps the greatest, distinguishing feature of the oscilla- 
tion transformer is the fact that it bas no iron core; the pres- 
ence of any iron whatever is detrimental to the action of the 
device. 


Various Types.—Considerations of voltage, current, 
weight, frequency, and the various factors of this nature 
enter into the design of the oscillation transformer. The 
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Fig. 1.—-Wiring diagram for Oudin coil 


windings may be insulated by air space, oil, wax, or pe-` 
trolatum. The primary may be an open helix of bare copper 
bar, strip, ribbon, or tubing, or it may consist of a coil of 
heavily insulated cable. The secondary may be wound in 
a single layer upon a cardboard or wooden cylinder, or upon 
a wooden cage, or it may be wound in a series of narrow 
layers on insulating paper or cloth. The secondary may 
also be in the shape of a cone or a flat spiral resembling 
a spider web. 


Oudin and Tesla Types.—Oscillation transformers may 
be broadly classed under these two headings. The Oudin 
coil is in reality an auto transformer, i. e., its primary and 
secondary are connected together at a neutral point which, 
in the case of high frequency apparatus, should be grounded. 
In the Tesla coil, the only connection between the primary 
and the secondary is an inductive one; the two windings 
are separate and distinct. (See Fig. 2.) 


The third type that should be mentioned, as it is perhaps 
the most practical of all, is a combination of the Tesla and 
Oudin circuits. This consists of two Oudin resonators 
placed side by side and having their ground connections 
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joined with a cable which places the two primaries in 
series. The oscillation circuit is, of course, through both 
primaries. Still a further. modification of this circuit is 
made by placing the two resonators base to base as shown 
in Fig. 4. This makes virtually a Tesla coil of the pair, 
the only distinction being in the grounded neutral point. 

- Advantages of Various Types.—The Tesla coil gives 
the longest spark between points of any of the various types. 
This coil is difficult of construction, however, and in me- 
chanical design it is fundamentally poor. The greatest prob- 
lem is to support the primary and secondary and still pre- 
vent leakage of the current. The combined type, Fig. 4, 
or the style shown in Fig. 3, will overcome this difficulty 
with but a slight loss in results obtained. 

The Oudin coil gives an enormous brush discharge from 
its single terminal. In a large coil, the streamers of pur- 
plish fire dart out like the branches of a tree to a distance 
of several feet in all directions. Such a coil, properly pro- 
portioned and carefully built will give splendid results. The 
construction is simple and the design strong both electrically 





Fig. 2.—Wiring diagram for Tesla coil showing transformer, spark gap and 
ki sondenser 


r 
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Fig. 3—Two Oudin resonators placed side by side to produce very long sparks 


and mechanically. For portable purposes, the Oudin coil 
is the ideal type to use, particularly if it is desired to keep 
down weight and bulk and to have apparatus that will 
stand the hard knocks of road work. 


Proportions of Coils—In the actual construction and 
subsequent use of some dozens of different types of high 
frequency coils, the author has evolved a few simple rules, 
which, for some inexplicable reason, appear to give the 
pass-word to the realm of successful coil building. While 
there is a perfectly good method by means of which these 
coils may be designed “on paper,” through the medium of 
various formulae, all more or less complex, the average 
practical worker in this field will admit that the time-worn 
“rule of thumb” method is possessed of certain advantages 
in this case as in others, particularly when the results of 
“rule of thumb” calculation are carefully noted and the 
mediocre designs eliminated from future consideration. 


With this brief explanation or, perhaps, apology, for 
the use of the much used—and abused—rule of thumb, 
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Fig. 4.—Two Oudin resonators placed base to base 


we may proceed to look into the actual design of oscilla- 
tion transformers of various sizes-and for various pur- 
poses. Without attempting any explanation of the reasons 
therefor, the author may state that, in his experience, the 
secondary of the Tesla coil should be wound upon a cylinder 
the length of which is three times its diameter. The Oudin 
resonator secondary should be wound upon a cylinder hav- 
ing a length slightly less than twice its diameter. Apply- 
ing this simple rule, a Tesla coil with a secondary 12 in. 
in diameter, would be 36 in. long. The Oudin coil would 
be about 22 to 24 inches high if its diameter were 12 ins. 
This rule applies only in the case of truly cylindrical sec- 
ondaries. 


The number of turns of wire on cylindrical Tesla coil 
secondaries should be in the proximity of 800, while the 
Oudin secondaries may contain from 400 to 600 turns for. 
long sparks and from 100 to 300 for shorter and heavier 
discharges. This rule has been found to follow in the case 
of either large or small coils and the figures given have 
been taken from charts giving the effective windings for: 
a great many coils, <- - g 


The cone-shaped coils are EA effective ‘as they 
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are theoretically correct in design. The proportions for 
cones may vary from a perpendicular equal to the diameter 
of base to a perpendicular 1.5 times diameter of base. The 
latter is better for long sparks. The windings of cones 
should contain from 100 to 500 turns of wire for short and 
thick, or long and compartively thin sparks, respectively. 


For the very closely coupled coils such as the pancake 
form, where the winding is in layers, and the coil sealed 
in, the number of turns may run up as high as 1500 to 2000 
turns. The coil is of comparatively small diameter in this 
event. The layers of wire should never be very wide as 
the insulation will not hold up. 


The conductor for the secondary windings of all types 
of oscillation transformers should be of soft, pure copper 
wire. The insulation may, be of cotton or silk but not of 
enamel. The use of the latter for high frequency secon- 
daries has given the author great disappointment in the 
construction of several large and comparatively expensive 
coils. The insulation on the wire is of no value whatever 
except to provide a mechanical separation for the turns 


























Pig. 5.—Showing proportions for Tesla and Oudin secondaries of any desired size 
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Fig. 6.—Proportions for cone-shaped secondaries of any size 


of wire and to form a base or support for whatever in- 
sulating substance is applied to the wire subsequently. 
Secondary Insulation.—One fact stands out prominently 
after the worker has built and experimented with a few 
coils. No solid insulation of any kind is of the slightest 
avail when working with high frequencies and very high 
potentials; glass, hard rubber, mica, empire cloth, and even 
paraffin wax seem actually to help the current to pass. 
The terminals of a coil may be separated beyond sparking 
distance in air and when a piece of heavy plate glass is 
interposed, the discharge immediately starts to wind its 
way over the surface of the glass, finally piercing the plate 
as if it were of cardboard. Therefore, let the uninitiated 
worker bear this fact in mind: That to attempt the insula- 
tion of the Tesla primary from the secondary by means of 
any of the old reliables in the case of the ordinary induc- 
tion coil, is the height of folly in the case of the high fre- 
quency coil. Liquid oil, freed from all moisture, is the 
very best insulator for these high frequency currents. It 
is heavy and sloppy to handle, however, and its use pre- 
cludes the possibility of obtaining the beautiful brush ef- 
fects from the secondary in the air. Next to oil comes a 
mixture of beeswax and rosin in equal parts. This seems 
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to be practically the only solid, or nearly solid, insulating 
substance that will stand up under the strain. Last of all 
comes air. We say last because the air insulation must 
be greater in extent than either of the predecessors; but 
notwithstanding this fact, the air insulation is the one cheap, 
light-weight, and absolutely reliable insulation that the high 
frequency worker has at his command. A separation of a 
few inches more, perhaps, between primary and secondary, 
but a mechanically and electrically good construction, and, 
what is more, accessibility of all of the parts at an instant’s 
notice, is the significant list of advantages possessed by this 
insulating medium. 

On air-insulated coils, the secondaries should be wound 
with a space between each turn and its neighbors. This 
space will depend upon the potential to be set up at the 
top of the coil and ordinarily the separation should be about 
the width of the wire itself. Bare wire may be used but 
it is not recommended. Double cotton covered wire has 
been the choice of the author after many experiments to 
determine the relative merits of all known coverings. The 
double cotton covering forms an excellent base to soak 
up shellac which, when applied in a half-a-dozen coats, and 
thoroughly dried out, has been found to seal up the turns on 
the open cylinder, preventing in large measure, the leakage 
between the turns when the coil is operating at full power. 
Theoretically the winding of the secondary should start 
with turns close together at the base, the separation grad- 
ually widening out as the top or high potential end of the 
coil is reached. This method of winding is impracticable 
for the average amateur constructor, however, and he must 
needs resort to the next best expedient of making all turns 
sufficiently separated to take care of the potential. 

Oil and Wax Insulations.—The oil insulated coil may be 
very closely coupled ; that is, the primary may be but slightly 
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Fig. 7.—The turns of wire in the secondary should be spaced to provide adequate 
insulation for the extremely high potential 


separated from the secondary. The case or container for 
the coils may be of wood, lined with zinc. The cover, of 
course, must be of some good insulating material such as 
glass, hard rubber or marble. Slate should not be used as 
the minute metallic veins found in some varieties will be 
ruinous to the output of the coil. The high potential leads 
from both primary and secondary may be brought up 
through porcelain, glass, or hard rubber insulators attached 
to the top of the case and extending down into the oil. 


The compound of equal parts of beeswax and rosin pre- 
viously mentioned is used to seal in the pancake coils of 
portable electro-therapeutic outfits where every effort must 
be expended in the direction of light weight and compact- 
ness. This compound is melted up in a double-boiler, as the 
insulating properties are ruined if the mixture is permitted 
to scorch. The pancake coil, which is specifically described 
later in this book, is immersed in the hot compound and 
permitted to remain for hours until the windings and the 
paper separating layers are thoroughly impregnated with 
the molten wax. 


The advantages of the close coupling of primary and 
secondary made possible through the use of some better 
insulator than air are found in the greater efficiency of the 
oscillation transformer constructed in this way. The spark 
is thicker and hotter, as well as being of the desired length. 


ra 
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This quality is to be desired in X-Ray work in particular. 
For demonstration apparatus, however, the builder can do 
no better than use the air insulated coils. 


Constructional Features.—The simplest Tesla or Oudin 
coil to make is that in which the secondary is a cylinder 
of cardboard such as a large mailing tube, or a tuning coil 
cylinder, wound with a few hundred turns of insulated mag- 
‘net wire. The primary may consist of a few turns of cop- 
per ribbon wound into a spiral with the turns separated by 
a strip of corrugated board such as is used for packing 
purposes, the whole being secured with tape at four or five 
points on the spiral. ` 


From this simple start, larger coils may be developed 
along similar lines. Cardboard cylinders may be purchased 
in sizes as large as 8 x 13 in. and larger ones may be made 
to order. Very large cylinders should be made of wooden 
slats pegged with wooden pegs to wooden discs of the de- 
sired diameter. 


Primaries may be of almost any heavy conductor avail- 
able. As the tendency of the high frequency current is to 
travel upon the surafce of the conductor, it is highly desir- 
able that the primary be made either of flat ribbon or strip 
copper, or else of copper tubing of relatively large diameter. 
Stranded conductor is excellent and if the precise number 
of turns is known and no tuning necessary, the builder may 
use heavy stranded cable with excellent results. 


The ideal primary conductor is copper strip or bar, 
wound edgewise into an open helix. Such a primary may 
be made compact and mechanically strong and it is splendid 
from the electrical standpoint. This conductor permits of 
closer coupling without danger of sparking from secondary 
to primary. The edgewise wound strip is difficult to make 
as the reader may well imagine. The mechanical problem 
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involved is a real one and for the few turns the average 
worker will require, to construct a winding rig would be out 
of the question. The strip can be purchased ready wound, 
however, in three convenient sizes, and its use is specified 
in the construction of several coils in this work. The prices 
and sizes will be found in the Appendix which gives also 
a list of the materials used in the construction of all the 
apparatus. 


CHAPTER VII. 


INDUCTION COIL OUTFITS OPERATED ON 
BATTERY CURRENT. 


Of all the experimental apparatus within the reach of 
the amateur builder, none can compare with the high po- 
tential, high frequency transformer when it comes to a 
question of demonstration or entertainment. A simple card- 
board cylinder, wound with a few hundred turns of magnet 
wire in one layer, set on the top of the helix of his wireless 
set will give the experimenter a spark several inches long. 
This spark he can play with to his heart’s content for it is 
perfectly harmless. Taken through a piece of metal held 
in the hand, the current produces no shock whatever even 
though the voltage may be expressed in the thousands. 
This is explained by the fact that the current changes its 
direction of flow so rapidly that the nerves cannot transmit 
the sensation of pain and the muscles cannot respond to 
the pulsations. 

Induction Coil Apparatus——The experimenter who 
numbers among his possessions a spark coil suitable for 
radio telegraphy, may delve into the mysteries of high 
potentials, and high frequencies without spending any great 
amount of money for the extra apparatus needed. If he 
has the coil, he will most likely have also a spark gap and 
a high tension condenser. 

With this equipment to start off with, the experimenter 
will have only to add a simple Oudin resonator to his outfit 
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Length of cardboard cylinder 

to de about twice its diameter 
Bad of 
qylinder 


Use only glue and wooden pegs in assembling cylinder 


Fig. 1.—Cardboard cylinder and wooden heads for secondary of oscillation 
transformer 
in order that he may play with the sparks for the entertain- 
ment of his friends and himself. The resonator can be 
built by any worker who has made a tuning coil. A card- 
board cylinder from 2 to 4 in. in diameter and twice its di- 
ameter in length may be fitted with the usual wooden heads 
and given a coat of shellac. When the latter is quite dry, 
the cylinder may be mounted between centers in a simple 
winding rig such as is shown in the illustration. The cyl- 
inder, turned away from the operator by hand, is then to 
be wound full of double cotton covered wire which may be 
of any size between 34 and 28 B. & S. gauge. 
The completed secondary is then to be coated with 
several applications of shellac, each layer being permitted 
to dry thoroughly before the next is applied. When the 
final coat is hard, the secondary may be mounted upon a 
simple wooden base by means of screws passing up from 
beneath and into the lower wooden head. The lower end 
of the winding is carried down through the base to a ter- 
minal which will be “ground.” The upper end of the wind- 
ing terminates in a rod carrying a brass ball at its tip. 
This ball and rod may be taken from the clapper of an old 
electric bell, or, the ball may be a large leaden shot of the 
variety known as “buck shot.” 
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The primary is composed of twelve turns of very heavy 
copper wire such as is used for the transmitting helix in a 
wireless set. The wire is wound upon dowel rods set up 
in the base surrounding the secondary coil. The rods should 
be so placed that the inside diameter of the primary wind- 
ing is 134 times the diameter of the secondary. The wind- 
ing of heavy wire should cover 2/3 of the height of the 
secondary~cylinder. If the induction coil used to excite 
this oscillation transformer is of large size, the secondary 
may send sparks into the primary. In this case, the pri- 
mary must be made larger in diameter. The directions here 
have been for a comparatively close-coupled coil as that 
type will give maximum results with the usual wireless 
spark coil. 


_ The lowest turn of the primary helix is to be connected 
with the ground terminal to which the lower end of the 
secondary winding is attached. The wiring diagram is 
given in Fig. 4, and the reader will notice that the spark 
gap.is connected across the secondary of the spark coil; the 
condenser and primary of the resonator are in series across 


This end free 
on center 


Wind thread and wire 
in parallel. 
thread when winding 
is complete. 





Fig. 2.—Apparatus for winding secondary of oscillation transformer 
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Figs. 3 and 4.—Data for small Oudin resonator and diagram connections 


the spark gap. When operating the coil, try various ca- 
pacities of the condenser, a variation of the turns of the 
primary, closing up or opening the spark gap, etc. A few 
trials will bring the circuits into resonance and the ball at 
the top of the resonator will give out beautiful streamers 
of purplish fire. If a piece of metal is held in the hand 
and approached to the ball, a spark several inches long 
will jump into the metal without the operator feeling the 
slightest sensation of shock. 


Induction Coil Construction—In the event that the ex- 
perimenter is not the possessor of an induction coil giving 
a fat, hot spark, he will need either to buy one outright or 
else construct one in his home workshop. The latter course 
is permissible if he is.a fairly careful and patient mechanic. 
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The data given in this chapter is for the construction 
of a coil built expressly for radio and high frequency work 
and it is totally different in windings and proportions from 
the ordinary spark coil that is intended primarily to give a 
long spark. The coil to be described is not rated in spark 
length but in watts capacity. Through the use of a suitable 
interrupter, this coil may be operated at 10 volts and 10 
amperes continuously. The secondary winding is of com- 
paratively low resistance, thus it is well adapted to the pur- 
pose of charging condensers. 


Core and Primary.—The core of this coil is a bundle 
of soft iron wires tightly compressed into a cylinder 12 in. long 
and 1¥% in. in diameter. The core wire can be purchased 
ready cut and perfectly straight so that its formation into 
a cylinder is a simple matter. Given the necessary amount 
of straight iron wires, the builder grasps the bundle with 
both hands and with a twisting motion forms the wire into 
a compact cylinder. A piece of wire is then wound around 
the middle of the core and twisted. Another is added at 
each end. The twisting operation is then continued, taking 
up the slack in the binding wires by twisting the ends with 
a pair of pliers. Soon the bundle will be perfectly straight 
and hard. 


Starting at one end, the binding wires may be removed 
and a winding of silk ribbon started spirally over the core. 


Binding wires Tepe binding 


started 7 


Sore a bundle of iron wires 





Fig. 5.—Core with tape binding started 
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The silk is tough and strong and the worker will be enabled 
to preserve the solidity of his bundle as he removes the 
binding wires and replaces them with the silk wrapping. 
When the entire core is covered, the final turn of ribbon 
may be held with shellac and a few turns of thread taken 
over the end to insure permanency. The whole core, with 
its wrapping of ribbon, is then to be suspended in a trough 
filled with thin shellac. A submersion of an hour will have 
served largely to fill the interstices between wires and to 
soak the ribbon thoroughly. The core is then hung up to 
drain and dry. The latter operation will take the best part 
of 24 hours. When the shellac is hard, the core will be 
almost as solid as if it were of one piece of iron, and it is. 
then ready for winding. 


The primary is in two layers. The end of a spool of 
No. 14 D.C.C. magnet wire is placed under a loop of the 
silk ribbon on the core and the winding started by turning 
the core with both hands. The second turn of wire grips 
_ the ribbon loop and thus secures the starting turn. The 
first turn should start at a distance of one inch from the 
end of the core and the first layer ends at this distance from 
the other end. The second layer of wire is wound upon 
the first, with a layer of empire cloth between. The fin- 
ishing end of the primary winding is secured with a loop of 
ribbon, the ends of the loop béing pulled tight after the 
ribbon has been covered by the last three or four turns of 
the winding. The entire primary is then to be wound with 
silk ribbon in exactly the same manner as the core and 
the end where the leads come out should be wound with a 
number of turns of strong thread to prevent the possibility 
of the starting and finishing turns coming loose. The en- 
tire core and primary is now to be immersed in a compound 
of equal parts of beeswax and rosin, melted in a double 
boiler to prevent scorching. An immersion of an hour or ~ 
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End of winding held under tape 





Fig. 6.—Core and primary, showing how finishing end of primary winding is held 
under a loop of tape 

two will suffice when the coil may be removed to drain and 

cool. 

Insulation.—When the primary has cooled, it may be 
covered with four layers of micanite sheeting. This sub- 
stance is built-up mica made into a flexible sheeting about 
Ys in. thick. Very thick shellac is liberally applied as the 
wrapping proceeds and when the final turn of the micanite 
is taken over the primary, the whole cylinder should be 
temporarily wrapped with tape until the shellac dries out 
thoroughly. When this is at last accomplished, the struc- 
ture is to be placed in an oven until slightly warm, after 
which it is stood on end with the lower opening filled and 
the beeswax-rosin compound poured into the space between 
primary and insulating tube. The length of the latter is 10 
in. and an inch of core is therefore left projecting at either 
end to permit of mounting in the frame to be described. 

Secondary Winding.—The secondary is wound in four 

-sections, each section being wound in layers upon oiled 
paper 1% in. wide. The wire is No. 32 S. C. C. Each 
layer contains 112 turns of wire and the width of the layer 
of wire is 1 in.; therefore, there is a margin of 14 in. on 
either side of the layer of wire. Each section is wound 
in 61 layers and the total turns to each section is accord- 
ingly 6832. The four sections will comprise 27,328 turns 
in consequence. 
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The secondary sections may be wound either in a lathe 
or else upon a form mounted in a simple winding rig such 
as the illustration suggests. The outside diameter of the 
micanite insulating tube over the primary will be approxi- 
mately 214 in. and this shall therefore be the internal di- 
ameter of the sections. The form consists of a disc of wood 
nailed to one end of a short cylinder of wood and the whole 
mounted either in the lathe or in bearing supports as shown. 
The cylinder should be 2% in. in diameter and about 2 in. 
long. 

In starting the winding of a section, the wooden cylin- 
der should be covered with a layer of cord to make possible 
the removal of the section. The first layer of olded paper 
may be wound upon the cord which is pulled out after the 
section is finished. In the first paper layer there should 
be six or eight thicknesses of the oiled paper to make a 
mechanically strong support for the winding. The starting 
end of the No. 32 S. C. C. wire is soldered to a piece of 
thin copper ribbon inserted between layers of paper, and 
the first layer of wire wound until 112 turns have been 
placed. At this juncture the winding should be an inch 
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Fig. 7.—Winding apparatus for secondary sections 
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Fig. 8.—Details of the frame work 


wide. A layer of oiled paper is then taken over the wire 
and the second layer of winding placed. This is continued 
until 61 layers have been wound. The finishing turn of 
the wire is soldered to a piece of copper ribbon and ten 
layers of paper taken over the wire. The ribbon passes 
between the eighth and ninth layers of paper which hold it 
securely, This completes a section which is now to be im- 
pregnated with the beeswax-rosin compound. | 


In winding the first section, the builder is to turn the 
lathe away from him and have the disc-end of the cylinder 
at his left. The winding is to start at the left hand end of 
the cylinder next to the disc. This procedure is also to 
be followed with one more section. When thesé two sec- 
tions are wound they should be numbered 1 and 3. The 
winding rig is then to be reversed so that the disc-end of 
the cylinder is at the right. Starting the winding next to 
the disc as before and turning in the same direction, i. e., 
away from the operator, the section under construction will 
be wound in the opposite direction from the two predeces- 
sors. This section is to be numbered 2 and its companion, 
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No. 4, is wound in the same way. The reason for this will 
be seen when the assembly starts. 

Assembly.—The frame of the coil is well shown in Fig. 
9. The ends of the core fit into holes in upright pieces of 
wood which form the supports for the entire coil. The 
secondary sections are arranged upon the micanite tube in 
the order of their numbers, starting from left to right. If 
the winding has been done as described, the first outside 
lead will go to the binding post, S*, the inside lead of sec- 
tion 1 to that of section 2; the outside lead of section 2 to 
the outside lead of section 3; the inside of 3 to the inside 
of 4; and the outside of 4 to the remaining binding post. 
The two primary leads are carried to one binding post 
in the base and to one side of the interrupter respectively. 

Interrupter and Condenser.—An independent interrup- 
ter is much to be preferred for use in connection with this 
coil. The interrupter may be of the mercury-turbine type, 
the vibrating contact type, or the electrolytic. The last 
mentioned style of break will give the greatest results if 
the interrupter is properly designed and built; if the worker 
does not care to go to the trouble of making this rather 
delicate device, the construction of which involves some 
rather good glass-working, he may purchase the interrupter 
outright for $2.25. This price would scarcely cover the 
cost of the materials and the workmanship on the break 
if the amateur worker were to build one. 

The vibrating type of break will give good results if its 
contacts are of generous proportions and the component 
parts of the interrupter properly designed. The data given 
herewith specifies the use of hard silver contacts 3% in. in 
diameter rather than platinum ones of a much smaller size. 
Before we proceed with the description of the vibrating in- 
terrupter, however, a brief mention may be made of the 
mercury-turbine break, which is in many ways the ideal 


type. 
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In the mercury-turbine break, a stream of mercury is 
raised through the medium of a pump and projected in a ` 
fine stream against a series of metallic vanes with which it 
makes successive contacts. This device is even more diffi- 
cult of contruction than any of the other types and no at- 
tempt will therefore be made to describe it in detail. The 
mercury-turbine interrupter costs in the proximity of $9.00 
and it requires a small electric motor for its operation. It 
may be used on practically any voltage from six to 110. 


The relation of the vibrating interrupter to the rest 
of the coil is shown in Fig. 9, while the details of the in- 
terrupter are given in Fig. 10. Using the reference num- 
bers in the drawing, 5 is a spring of phosphor bronze, 314 _ 
in. long, 1 in. wide and approximately 1/32 in. thick. To 
the end of this spring is secured the armature, 6, of soft 
iron, by means of four small screws. This armature may 
be turned from % in. soft iron bar or it may be cut from 
the end of a 1 in. rod of the same material. The contact, 7,_ 
is cut from a piece of +5 in. silver rod, drilled and tapped 
for the small screw that secures it to the spring in the posi- 
tion shown. The stationary contact, 8, is made of the same 
material and it is carried on the end of the 14-20 milled- 
head screw, 9, which is threaded into the stud of silver. 
The adjusting screw, 9, is carried by a cross arm of heavy 
brass bar, 10, which, in turn, is supported by pillars of 
brass, 11, at either end. The vibrating spring, 5, is sup- 
ported at its lower end upon a bar of brass, 12, to which it 
is secured with screws passing through a washer plate. 
This construction is essential in order that the spring may 
have a definite point or edge from which to vibrate. 


The condenser to be shunted across the interrupter 
should be adjustable. The builder is strongly advised to 
purchase this condenser outright. The task of making up 
a condenser of tinfoil and paraffined paper is a discouraging 
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Fig. 9.—Induction coil complete showing relation of component parts 
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Fig. 10.—Details of the interrupter 


one and the manufactured article can be purchased so 
cheaply that the amateur builder is not justified in making 
one. The standard telephone condenser of 1 mfd. capacity 
is approximately correct in capacity and if four more sec- 
tions of .5 mfd. each are added, the necessary range of ad- 
justment is obtained. 

If the builder wishes to make his own condenser, he 
may purchase 250 sheets of heavy paraffined paper such 
as is used to wrap candies in. This paper may be cut to 
form 500 sheets of paper 8 x 10 in. in size. The tinfoil 
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should be thin in order that cost and weight may not be in- 
ordinate and it is to be cut into 6 x 8 in. pieces. These tin- 
foil sheets, with strip$ laid on alternately for lugs, are 
placed between the waxed paper sheets in piles of 100 sheets 
each. The condenser will therefore comprise five units of 
100 sheets to the unit. The specifications given are for a 
condenser of large proportions, but in the author’s experi- 
ence, the average amateur builder is not equipped with the 
presses necessary to compress the units to the extent where 
their capacity is large for a given size of sheet. The only 
device of this kind that is within the reach of the experi- 
menter is a letter press and this implement gives but a 
small fraction of the pressure used by the manufacturer 
of the standard condenser. 


The diagram of connections is given in Fig. 11. The 
disposition of the connecting wires is not given in the draw- 
ing of the completed coil, Fig. 9, for the simple reason that 
- the extra‘lines would tend to confuse and the builder who 
is capable of turning out this coil will certainly be able to 





Fig. 11.—Diagram of connections for the induction coil 
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place his connecting wires in a workmanlike manner. 

High Tension Condensers.—The condenser for connec- 
tion across the secondary of the induction coil may be made 
by coating both sides of an 8 x 10 photographic negative 
with tinfoil in sheets 6 x & in. in size. Probably but two 
or three of these condenser plates will be necessary if they 
are connected in multiple. For high frequency coils, the con- 
denser will be somewhat larger than for general radio work, 
but the experimenter will not need to make more than half 
a dozen of the 8 x 10 plates to insure ample capacity. 


CHAPTER VIII. 


KICKING COIL APPARATUS. 


The possibilities of the “kicking coil” type of high fre- 
quency apparatus have long been recognized by manufac- 
turers of electro-therapeutic outfits but, doubtless owing 
to the scarcity of published data on the subject, this simple 
and inexpensive generator of high frequency currents has 
not seemed to come in for its due share of popularity 
among amateur constructors, 


The kicking coil is an oddity to the uninitiated elec- 
trical worker; it is merely a winding of comparatively 
coarse copper wire upon a core composed of a bundle of 
soft iron wires. In this simple coil, which is totally devoid 
of a secondary, is set up a current of sufficiently high po- 
tential to charge a condenser; this high potential is induced 
at every break of the circuit which permits current to flow 
through the coil. 

Fig. 1 represents a circuit of this nature. The kicking 
coil K is connected at one end of its winding with one side 
of the supply circuit. The other end of the winding goes 
to the vibrating armature of an interrupter. From the sta- 
tionary contact of the interrupter we trace this circuit of 
the primary of a Tesla or Oudin coil and thence back to 
the source of supply. A condenser is connected across 
the break and the primary of the oscillation transformer. 

As the current flowing through the coil is interrupted, 
a high potential surge is set up. This current enters the 
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Figs. 1 and 2.—Wiring diagrams for the kicking coil apparatus 


condenser which discharges its load through the inductance 
and across the interrupter contacts as soon as the latter 
close up sufficiently for the charge to leap this small air 
gap. 

By making suitable adjustments of condenser and the 
ratio between the turns in primary and secondary of the 
oscillation transformer, a high frequency current of prac- 
tically any desired frequency and voltage may be obtained, 
within the limits of the outfit’s capacity. 

The greatest merit of this apparatus is its ability to 
operate on either alternating or direct current circuits with 
merely a slight change in the number of turns in the wind- 
ing. While it is an undisputed fact that the “kicker” can- 
not compare with a transformer outfit on alternating cur- 
rent circuits, still it serves admirably in cases where direct 
cufrent only is available. 

The ideal outfit is, of course, one that will operate with 
workable satisfaction on both direct and alternating cur- 
rent circuits; the latter to comprise various frequencies 
found in common use. The design offered herewith incor- 
porates all of these desirable characteristics through the 
introduction of a variable condenser and an extra kicking 
coil. The latter is short circuited when the outfit is used 
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on alternating current circuits. Fig. 2 gives a diagram 
of the connections. 


This outfit is capable of doing effective X-Ray and 
- general electro-therapeutic work within the inevitable limits 
` of the portable outfit. The spark produced is of good qual- 
ity and in length it reaches fully 7 inches. If the oscilla- 
tion transformer were to be made larger in diameter, the 
spark length could be materially increased without any 
alteration in the exciting apparatus. 


For the lecturer or the experimenter the outfit is an 
exceptional one. It is light in weight. inexpensive and. 


Vibrator ara in 
part section 





Fig. 3.—Details of the vibrating interrupter 
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Fig. 4.—Small choke coil in detail 


simple to build, and, as we have already noted, it is uni- 
versal as regards current supply. 

The Interrupter.—This is the one weak point in the 
apparatus. While large and elaborate rotary contact break- 
ers are more reliable in operation, they introduce too much 
weight and cost in an outfit of this nature. The next best 
is probably a simple vibrating interrupter with massive 
contracts similar to that shown in Fig. 3. 

The posts for the interrupter should be of generous 
proportions as the drawing indicates. The stock is of % in. 
square or hexagonal brass rod. The latter is preferable 
if the worker is possessed of a lathe as it may be conven- 
iently gripped in the universal chuck for cutting, facing 
off and drilling. 

The spring should be of phosphor bronze; the thick- 
ness is preferably in the proximity of 1/32 in. At one end 
of the spring is screwed the armature of soft iron or cold 
rolled steel rod. This is simply formed by cutting off a 
¥ in. piece of %4 in. rod. A hole tapped into the armature 
takes the short length of 8/32 threaded rod that serves 
to hold the silver contact and armature to the spring. 

The contact is cut from a length of 1 in. pure silver 


> 


KICKING COIL APPARATUS 75 


rod. The little cylinder is to be drilled and tapped to a 
_ dept of 3⁄4 in. to take the 8/52 rod. 


The stationary contact is so designed that the tension 
of one contact against the other may be regulated to a 
uicety. This is effected through the medium of a fine 
thread on the adjusting screw which is of % in. diameter 
brass rod. The silver contact cylinder is driven into a hole 
. drilled in the end of the adjusting screw. The reverse end 
of this screw is tipped with a fibre knob of good size. 


The Choke Coils.—The smaller of these coils, Fig. 4, 
serves as a magnetic device to actuate the interrupter. It 
consists of a core of soft iron wires formed into a bundle 
¥% in. in diameter and 4 in. long, covered with several layers 
of empire cloth; over this is a winding of 1000 turns of 
No. 22 D.S.C. or enameled wire wound 72 turns per layer 
and 14 layers deep. A turn of empire cloth is interspersed 
between each two layers of wire. 


The core is supported between heads of fibre that fit 
closely over the bundle of iron wires. A good construction 
is to form a spool of fibre tubing with square fibre heads, 
forcing the core wires into the tube after the winding is 
completed. As the drawing shows, the layers of wire do 
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Fig. 5.—Large choke coil in detail 
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not come quite out to the end of the layer of insulating 
cloth; this affords ample proteccion to the end turns which 
are subjected to maximum potentials. 

The larger of the coils is shown in detail in Fig. 5. The 
core is 634 in. long and % in. in diameter. The winding 
is of No. 20 D.C.C. wire wound two in parallel. Each layer 
comprises 84 double turns and there are 14 layers in all. 
The same rules as to insulation apply as in the case of the 
small coil. 

The Condenser.—This is of the glass plate variety in 
the present design. If the builder cares to invest in mica 
plates of the same size, he will effect a material saving in 
space and weight. 

The glass to be used is of the variety known as. “lantern 
slide cover glass.” As the name implies, the glass is used 
to cover the photographic positive in a lantern slide. The 
cover glasses are thin and perfectly free from bubbles and 
the usual defects. They may be purchased from almost 
any photographic dealer and the standard size is 3 x 4 
inches. 

For the condenser at its maximum capacity, 200 plates 
of glass will be required. While this large capacity is not 
always in use, still it is essential for certain classes of work 
and it should therefore be provided. 

The conductor for the condenser is heavy tin foil. This 
comes in sheets 61⁄4 x 81⁄4 in. and 27 sheets weight a pound. 
For our condenser 200 pieces are to be cut 314 x 4% in., and 
for this operation a photo trimmer is well adapted; lacking 
this, the foil may be placed on a large sheet of glass and 
cut with a sharp knife. 

The condenser is to be assembled into 20 units of ten 
plates each. This makes for convenience of adjustment. 
Each little unit will have a capacity of approximately .005 
mfd. and the entire condenser therefore reaches .1 mfd. 
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Fig. 6.—Details of the condenser 


When the assembly is started the builder should pro- _ 
vide himself with a small gas or spirit lamp, a lump of © 
` beeswax, and a tuft of cotton wrapped in a piece of soft 


78 HIGH FREQUENCY APPARATUS 


cloth. These accessories on a work table, with the clean 
glasses and sheets of tin foil, will enable the worker to 
proceed, 


With reference to Fig. 6, the first plate of each unit 
is to have its foil sheet projecting to the left. This leaves 
a margin of % in. on three sides. This first sheet of foil 
is to be secured to the plate in the following manner: 


Slightly warm the glass over the flame and immediately 
touch with the beeswax; spread the latter in a very thin 
layer with a tuft of cotton. Place the foil sheet in position 
_ and rub into perfect contact, using the dauber, and working 
outward with a circular motion. 


When this first sheet has been secured to the glass, the 
latter may be placed on the table with the foil underneath 
and projecting to the left. A touch of the wax to the upper 
side of the plate and the second foil sheet may be laid on; 
this is to project to the right with a margin of 3% in. on 
top, bottom, and left side. Next comes a piece of warm 
glass with its drop of wax; then the third sheet of foil 
which projects to the left the same as sheet No. 1. On 
this is the third plate of glass, fourth sheet of foil, and so 
on until 10 sheets of foil and ten plates of glass have been 
assembled as shown in Fig. 6. 


The object of the drop of wax is merely to insure that 
the glass and foil sheets will maintain their relative posi- 
_ tions during assembly. The unit is now to be “backed up” 
on either side with a piece of cardboard. The projecting 
lugs are rolled up with a piece of % in. copper ribbon en- 
folded, and the entire unit bound firmly with linotape at 
top and bottom. This general procedure is to be followed 
with each of the 20 units which will then be ready for 
impregnation. 

In a double boiler. melt equal parts of beeswax and 
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rosin; in this compound suspend the condenser units for 
two hours, If the wax has been kept sufficiently hot 
the interstices between the glass plates will be completely 
filled and each unit will form a homogeneous mass that is 
both electrically and mechanically sound on cooling. ` 

The Oscillation Transformer.—This may be either of 
the Oudin or the Tesla type. For the sake of simplicity, 
the former is preferable. In order that the fullest benefit 
may be derived from the exciting apparatus it is essential 
that the primary and secondary of the oscillation trans- 
former be closely coupled. This is effected by means of 
the spirally-wound or “pancake” type of Oudin coil. 

This coil is wound in a succession of layers in flat or 
pancake form as its name implies. The wire is No. 30 D.C.C. 
and the insulating material between layers of wires is oiled 
paper 14 in. wide and .003 thick. 

The post shown in Fig. 7 is of hard rubber. While 
the rod is held in the chuck a % in. hole is drilled clear 
through. The tail stock center is then brought up to bear 
in the hole to prevent chattering and the end of the post 
is finished off. A cut-off tool introduced at the correct 
position finishes the rubber rod. 

The hole at the base of the rod is to be tapped out 
75-18. A length of % in. brass rod is then forced in from 
the top of the post and cut off when it has entered to within 
1% in. of the base. The top is threaded to enter a dis- 
charge ball and near the bottom a small hole is drilled 
through the hard rubber rod and into the brass to take 
an éscutcheon pin which forms a means of connection. 

The rubber post is then to be screwed on to an arbor 
threaded 74-18 with a large disc of metal or wood between. 
Upon this rig, the pancake coil is to be wound. 

The winding may be done either in the lathe or, if 
none is available, in a simple, home-made winder. The 
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Fig. 7.—Details of the oscillation transformer 


starting end of the wire is soldered to the head of the es- 
cuscheon pin that makes connection with the central rod. 
Taking three turns of the oiled paper over the rubber post, 
and turning the lathe backwards or away from him, the 
worker may start the winding over the oiled paper. The 
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first layer must have its turns separated 1% in. Over this 
layer of wire are placed three more layers of paper; then 
another of wire with turns spaced % in. This is repeated 
until 50 layers are in place, the turns being gradually placed 
closer together until, with the 50th layer, they are separated 
only 1/32 in. 

From this point on and until the 150th layer, which 
completes the coil, has been wound, the turns may be spaced 
about 32 to the inch. The layers should be but one inch in 
width in order that a margin of 14 in. may be left on either 
edge. The final layer of wire is to be covered with 10 
layers of oiled paper, the end of the winding being brought 
out ready for connection with the primary. 

The primary consists of 10 turns of copper ribbon, 1 in. 
wide, wound spirally around the secondary pancake. Be- 
tween the turns of the primary is a strip of corrugated 
board such as is used for packing purposes. The finishing 
end of the secondary is soldered to the starting end of the 
primary and at this point a length of flexible lamp cord con- 
nects to the junction of the two. The ten primary turns 
are then wound and a tap of lamp cord taken from the 
under edge of each of the turns from the third to the tenth 
inclusive. This provides a means of varying the primary 
inductance while tuning the apparatus. The final primary 
turn is held mechanically by means of a wrapping of sev- 
eral layers of oiled paper; the latter may be shellacked in 
place. 

Removing the coil from the lathe, we now have the 
complete winding ready for impregnation with the com- 
pound already suggested for the condenser. The entire 
coil is to be immersed in the molten wax for several hours 
and, before its removal, the heat should be withdrawn in 
order that the mass may partially congeal. As the wax 
shrinks on cooling, it is essential that the substance he 
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Fig. 8.—Suggestion for assembly of apparatus upon a common base board 


permitted to contract within the coil. 

While the winding is being treated, the worker may 
build the box that is to contain the oscillation transformer. 
The case may be square and deep enough to permit of an 
inch of wax above and below the coil. It is obvious that 
the box must be wax-tight for the molten compound is to 
be poured into this container. 

Assembly.—For experimental purposes, the component 
parts of the apparatus may well be mounted upon a com- 
mon base board. For portable purposes such as upon the 
lecture platform or with the physician, a cabinet totally 
enclosing the outfit will be found more satisfactory. The 
method of mounting is optional with the individual and, 
for the sake of simplicity, the apparatus is shown ready 
for use on a base board in the appended drawing. 

The connections will be clearly understood on refer- 
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ence to the diagram in Fig. 2. For direct current work, the 
large kicking coil is left in the circuit, while for use on al- 
ternating currents, it is short circuited with the single- 
` pole, single-throw switch shown in the illustration. The 
letters “A.C.” and “D.C.” should be plainly stamped be- 
_ neath the respective clips of the switch as indicated in the 
diagram to prevent possible confusion. 

The capacity of the condenser is varied as may be found 
necessary by means of the copper strips which are forced 
into the clips projecting from the condenser case. 

In operating the apparatus, the adjusting knob of the 
interrupter should be in the “open” position. Turn the 
current on and screw the contact in gradually. As soon as 
- contact is made, the interrupter will begin to vibrate and 
a sputtering spark will form at the break of contact. The 
operation should start with about half of the condenser 
capacity thrown in and with Half of the turns of the Oudin 
coil primary in use. Perhaps a spark will be in evidence 
at the ball terminal of the oscillation transformer if the 
ground terminal is brought up to within a couple of inches 
of the ball. If not, try an adjustment of the capacity in 
the condenser or a variation of the primary turns. This 
will show some improvement and the operator may then 
screw in the vibrator contact a bit further; a considerable 
increase in length and thickness of spark will result. A 
further adjustment of capacity or inductance and a tenta- 
tive tightening of the contact will tune the apparatus per- 
fectly until the maximum results are obtained. 

Electro-therapeutic Work.—The outfit described is ad- 
miraby adapted for light X-Ray and vacuum tube work. If 
a D’Arsonval current is desired for auto-condensation, the 
builder is strongly advised to make a second oscillation 
transformer in which the primary has five turns and the 
secondary ten turns of copper ribbon. This coil may be 
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Fig. 9.—Coil for the production of D’Arsonval currents 


simply constructed by winding up 15 turns of 1⁄4 in. copper 
ribbon is a flat spiral with a strip of the corrugated paper 
between to insulate one turn from the other. The kicking 
coil current is sent through the inside turns, say up to 
four or five, and the D’Arsonval current for the couch is 
taken from the remaining turns. The diagram, Fig. 9, makes 
this perfectly clear. The coil may be sealed up in a flat 
wooden case with taps brought from the respective turns 
of copper ribbon to binding posts on the outside of the 
case. 


CHAPTER IX. 


ONE-HALF KILOWATT TRANSFORMER OUTFIT. 


If the experimenter is the fortunate possessor of a sup- 
ply of alternating current from electric lighting mains, he 
may well devote his energies to the construction and use of 
transformer apparatus rather than bother with either the 
induction coil or kicking coil outfits previously described. 
The transformer is easily and cheaply made, and, in results, 
it is, beyond any doubt, superior to any other device for the 
charging of condensers. 

The Core.—The transformer core is composed of thin 
sheets of silicon steel which is prepared expressly for trans- 
former cores. The core is built up to form a hollow rectangle 
as shown in Fig. 1 which gives the overall dimensions. The 
first step is to procure the silicon steel cut to size; this pro- 
cedure is recommended rather than attempting to cut the 
large sheets in the home workshop. Unless a gate-shear 
is available the job is a slow and very unprofitable one as 
the pieces will not lie flat if cut with an ordinary pair of 
tinner’s shears. The core irons may be purchased cut to 
size at a reasonable price. l 

The core irons are procured in two sizes, Fig. 2, for the 
ends or legs of the core and for the sides or yokes. Of 
each size, 230 pieces will be required. The windings are 
placed on the shorter legs of the core, i. e., the legs made 
up of the 2 x 434 in. pieces. These pieces are to be built 
up in two piles, the pieces being placed with ends over- 
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Fig. 1—Core of transformer with dimensions 


lapping alternately first to the right and then to the left for 
a distance of 2 in. as shown in Fig. 2. When each bundle 
has been built up to a thickness of 2 in., friction tape should 
be wrapped around the center or winding space to com- 
press the sheets into a compact bundle. If the sheets are 
clamped in a vise and the tape wrapped around the pro- 
jecting end, the core may be tightly bound as the bundle 
is released an inch at a time. 

After the two bundles have been formed, they may be 
joined by interleaving the 2 x 7% in. pieces to form a yoke 
between the short legs. The fourth side of the hollow rect- 
angle is not to be built up until after the windings have been 
placed in position. 
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Fig. 2.—Short leg of core upon which winding is placed 
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Fig. 3.—Data for primary winding 


Primary Winding.—Fig. 3 gives the data for the pri- 
mary winding to use for any of the commercial frequencies. 
The core is so generously proportioned and the quality of 
iron specified so good that the only change necessary for 
use on various frequencies is in the number of turns of wire. 


The primary is wound upon the form illustrated in Fig. 
5. If the builder has a lathe, the form may well be mounted 
upon an arbor or even upon the faceplate. The No. 14 
D.C.C. wire is wound upon a base of several layers of oiled 
paper 2% in. wide. In preparing the form for the wind- 
ing, a layer of cord is first wound over the wooden drum, 
and the base of oiled paper placed over this layer of cord. 
The object of the cord is, of course, to permit the winding 
to be removed by pulling out the cord. 


Between each layer of wire and its neighbor, four turns 
of the oiled paper should be taken. This will.make the ~ 
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winding, firm and smooth and it serves further to aid in 
the insulation. The winding, when completed, is given a 
liberal coating of armalac. The starting and finishing ends 
of the winding are soldered to lengths of incandescent lamp 
cord which are subsequently joined to the primary binding 
posts. 


Secondary Winding.—The secondary data is given in 
Fig. 4. This winding is of enameled wire and the method 
of procedure is identical with that of the primary. The 
same form is used and the winding started upon a heavy 
` layer of micanite sheeting cut 21⁄4 in. wide. In all, this 
insulation should be about 3 in. thick. The top turn of 
micanite is covered with several layers of oiled paper, after 
which the winding may start. 


Before starting the paper turns over the micanite, the 
builder places a strip of thin copper ribbon across the mi- 
canite. Over this the paper is wound. The starting end 
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{~ f Fig. 4.—Data for secondary winding , 
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Fig. 5.—Winding machine for both primary and secondary 


of the fine wire is to be soldered to the tip of the copper 
ribbon and as the layer of wire is wound, the ribbon is se- 
curely held. The layers of wire in the secondary are to be 
2 in. wide to leave a margin of % in. on either side of the 
wire. Two turns of oiled paper are taken over each layer 
of wire before the next layer is wound. The finishing 
layer of wire is terminated in a second copper ribbon which 
forms the secondary lead for connection to the high tension 
terminals. Over the final layer of wire, several layers of 
oiled paper are wound to form a mechanical protection for 
the delicate wire. The edges of the coil are well soaked 
with armalac and the secondary is then ready to mount, 
after the compound has dried. 

Assembling and Mounting.—In Fig. 6 the complete 
transformer is shown with primary and secondary in place 
and the remaining core irons in position to’ complete the 
magnetic circuit. The space between the winding and the 
core is to be partially filled with wooden plugs, carefully 
whittled to fit the space without forcing. 
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Fig. 6.—The transformer assembled 


Fig. 7 suggests the mounting for the complete trans- 
former. The case may be of mahogany, oak or whitewood. 
It is built to fit the transformer and as the windings for 
different frequencies change the diameter of both primary 
and secondary, and consequently the length of the complete 
transformer, the dimensions are not given in the drawing. 
The core is gripped between lengths of wood and the latter 
Pieces are secured by means of screws passing through the 
walls of the case. 
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The primary and secondary leads are brought to suit- 
able terminals in the case and the job is finished. For 
safety to the transformer secondary, a permanent gap should 
be affixed to the secondary terminals as shown in Fig. 7. 
This gap is to be not more than ¥ in. in length. 


. Oudin and Tesla Coils.—Fig. 8 suggests the design for 
a very practical form of Tesla coil that is easily and cheaply 
built. Fig. 9 gives the data for an Oudin coil, the construc- 
tion of which is very similar to thay of the Tesla. The de- 





Fig. 7.—Transformer in its case 
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Fig. 8.—Oscillation transformer composed of two Oudin resonators placed base 
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Fig. 9.—Data for Oudin resonator 
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Fig. 10.—Woodwork for oscillation transformer 


scription herewith will accordingly be devoted to a discus- 
sion of the latter type only. 


With reference to Fig. 8, the base, 1, is of suitable dry 
wood as is also the upright support, 2. The dimensions and 
details of these parts are given in Fig. 10. The upright is 
secured to the base by means of stout brass screws passing 
up through the base. 


Upon the upright piece, 2, is mounted, on either side, 
the primary coil of the oscillation transformer. The com- 
plete coil is really two Oudin resonators placed base to 
base with primaries and secondaries in series. The details 
of the primaries are given in Fig. 11 and the reader will 
note that the primary conductor is of edgewise wound cop- 
per strip, held in suitable supports of fibre. These sup-. 
ports are detailed in Fig. 11 at 3. 


The secondary coils are of 400 turns each, of No. 30 
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D.C.C. copper magnet wire, wound in a single layer upon 
a cardboard cylinder 6 in. in diameter and 8 in. long. In 
either end of each cylinder, a wooden head is affixed. The 
details of the cylinders and heads are given in Fig. 12. 
After winding the cylinders, the layer of wire should be given 
five coats of shellac, each coat being dried out thoroughly be- 
fore the next is applied. 


The secondary discharge rods are shown in detail in 
Fig. 11, together with the clips which hold the ball on the 
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Fig. 11.—Details of primary, primary support, ball clip, and discharge rod 
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Fig. 12.—Details of secondary cylinders 


rod. The two primary coils are connected together as , 
shown with the neutral point attached to a ground connec- 
tion. The secondary windings are likewise connected to- 
gether and their neutral point grounded at the same place. 


Condenser and Spark Gap.—The condenser, Fig. 13, is 


3 UNITS OF 
10 PLATES EACH 
GLASS 8'X IO- FOIL6X8/ 





Fig. 13.—Data for the condenser 
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Fig. 14.—Simple zinc spark gap 


composed of three units of .01 mfd. each connected in mul- 
tiple. Each unit is formed by coating both sides of 8 x 10 
photographic negative glasses with 6 x 8 in. sheets of tin- 
foil, and assembling ten of these plates into a bundle as 
shown in the illustration. Lugs are brought out alternately 
first to right and then to left in the usual manner and these 
lugs soldered to a common connector on either side of the 
unit, 

The spark gap, Fig. 14, is simple in construction. This 
design is quite satisfactory, however, for experimental work 
on small-powered outfits. The electrodes are of battery zinc, 
% in. diameter. A single zinc cut in two will answer well. 
The electrodes are held in supports of brass rod, suitably 
drilled and held upright upon a base that should preferably 
be of marble. If marble is not available, hard wood will 
answer. Slate should not be used as the minute metallic 
veins found in some varieties render the substance unsuit- 
able for this purpose. 

Connecting and Using.—Fig. 15 shows how to connect 
the apparatus. The spark gap is placed across the sec- 
ondary terminals of the transformer. The condenser is Pa 
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inserted in one lead from the gap to the primary of the 
Oudin or Tesla, while the other connection from the pri- 
mary goes back to the gap. 


When the current is applied, the ball of the Oudin or 
the discharger of the Tesla should give out a large brush 
discharge of purplish fire. If the first trial does not result 
in this, try a variation of the primary turns of the oscilla- 
tion transformer. This, together with a variation of the 
spark gap, will serve ultimately to bring the apparatus to 
the point of resonance. The Tesla coil will give a full 16 
in. spark with the 14 k.w. transformer described in the early 
part of this chapter. 


The spark from the oscillation transformer is perfectly 
harmless if taken through a metal rod grasped firmly in the 
hand. No sensation of shock whatever will be experienced. 
If the discharge touches the bare skin, the current will leave 
a blister if applied for any length of time in one spot. Aside 
from this unpleasantness, no direful results may be ex- 
pected. 


Whenever the apparatus is operated, the ground con- 
nection shown in Fig. 15 should be religiously made. This 
connection will protect the windings of the low frequency 


Fig. 15.—Diagram of connections 
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transformer and also the line wires and meter in the house. 
For further protection from “kick back” on the line, place 
two small telephone condensers in series across the line 
wires where they connect to the transformer and ground 
the neutral point. 


CHAPTER X. 


QUENCHED GAP APPARATUS. 


Comparatively few experimenters with high frequency 
current phenomena and apparatus within the acquaintance 
of the author have used the quenched gap in their experimen- 
tal work. Possibly this is due to the scarcity of data on the 
construction of gaps adapted to the purpose; possibly to 
the lack of practical knowledge on the part of the workers. 
High frequency apparatus is so easy to build, and with a 
given expenditure of time and labor the results are so great 
with even mediocre equipment that the casual experimenter 
is likely to devote his hours to making the sparks fly rather 
than to devise ways and means for increasing the efficiency 
of this apparatus with a corresponding increase in the qual- 
ity of the results obtained. 

The Quenched Gap.—The quenched gap to be described 
combines a number of very desirable features from the 
amateur mechanic’s standpoint. It is admitted that there 
are certain inherent defects in the design, but these have 
to be tolerated in order that the gap may come within 
the limits of the amateur’s shop equipment, which is usually 
confined to a small bench lathe and a few other tools. One 
improvement that might be made in the gap is to be noted 
in connection with the means for adjusting the distance be- 
tween the electrodes. If the upper electrode 2 were cast 
in one piece integral with the hub or spindle 3 the gap might 
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be varied in length by threading the spindle through the 
top frame plate 5. This construction presents some very 
fine machine work, and a screw-cutting lathe is positively. 
essential. Assuming that the latter tool is not to be found ` 
in the average amateur shop, the design has been modified 
so that the threading may all be done with taps and dies, 
and the only lathe work required is the facing-off and drill- 
ing operations that may be done in a small bench lathe with 
a slide rest. . P , 

The effects produced with the high-frequency coil in 
connection with a quenched gap are truly remarkable. In- 
stead of the thin, wiry spark ordinarily seen, the discharge 
takes the form of a flame as thick as a man’s wrist when 
cónditions are right. At times the actual length of the dis- 
charge is reduced, but with everything in resonance an 
increase both of thickness and length will be noted. 

With reference to Fig. 1, which is a sectional view of 
the complete gap, the reader will note the instrument is 
comprised of two cast copper electrodes, 1 and 2, which 
are held rigidly, with their faces only slightly separated. 
The lower electrode is permanently secured to the lower 
iron casting of the frame 6, while the upper electrode is ar- 
ranged to be raised or lowered by turning the insulated 
knob 14, which is fastened to a brass bushing 13. The 
spindle 3, which carries the electrode 2, is of cold rolled 
steel, threaded 74-18 for a distance of 13% in, when it 
enters the electrode, then turned to % in. for the central 
portion and finally threaded for 17 in., with the 74-18 
die for the remaining portion. 

The electrode is held from turning by the two steel 
pins 7, which are driven into holes in the electrode and 
which slide freely in holes in the frame above. Obviously, 
therefore, the movement of the upper electrode is a vertical 
one without any twist or turn. The coiled spring 8, serves s 
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to keep the necessary tension on the movement. 

The builder will be required to do some simple pat- 
tern making, but this need not alarm him. It is to be de- 
. plored that the average amateur has such a pronounced 
antipathy to anything in the nature of a pattern or a casting, 
whereas the latter is frequently the simplest way out of 
a given difficulty. The pattern for the electrode castings 
is illustrated in Fig. 2. It is turned out of a block of white- 
wood secured to the faceplate of the lathe, care being taken 
to leave the extra stock on the edge to provide the neces- 
sary draft. When the pattern has been turned out it should 
be sent to the nearest foundry for a pair of copper castings 
as nearly pure as the shop can supply. 

Given the copper castings the worker grips No. 1 in 
the lathe chuck by the outer edge with the sparking face 
of the casting next to the face of the chuck. A good chip 
is taken off the projecting portion to remove the scale and 
the face finished with a light cut. The centering tool is 
then brought up in the tailstock and the casting centered. 
A 3% drill is next run very carefully through the casting 
and this is followed with the 74-18 tap, which should be 
started with the tailstock center against it to insure ac- . 
curacy. The hole threaded, the casting may be removed 
from the chuck and laid aside temporarily while exactly the 
same operations are done on the No. 2 casting. This latter 
must also have holes drilled to take the pins 7 after the 
casting has been removed from the lathe. So far the worker 
will have faced off the hubs of the castings and provided 
the tapped holes for the spindles, and this in a manner that 
insures that the spindle will be truly at right angles to the 
plane of the hub. 

The next operation is to prepare the spindles for facing 
off the sparking surfaces of the castings. The spindle 3 
is first prepared. It is to be used as an arbor upon which ` 
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Fig. 1.—Half-plan and cross-section of the quenched gap 
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Fig. 2.—Details of electrodes and frame plates 


both castings are faced off. A piece of 4% in. diameter 
cold rolled steel rod is cut off 4 in. long and each end faced 
off and centered in the chuck, bringing its length down to 
3% in. Holding the rod in a dog between lathe centers, 
a light cut is taken for a distance of 14% in., bringing the 
diameter eventually down to yẹ in. after several cuts have 
been taken. A slight cut is taken at the end to taper the 
rod for starting a die on it and the rod is then placed in 
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the chuck with the turned portion projecting. Bringing | 
up the ys-18 die with the tailstock face plate against it, the 
die may be started with accuracy and the thread taken on 
the spindle. In order to cut the thread quite up to the 
shoulder of the unturned portion of the spindle, it will be 
necessary to reverse the die taking the final cut or two with 
the die on backwards, This completes the work on the 
spindle for the present. 

Before removing the spindle from the chuck, the No. 1 
copper casting may be screwed on. The spindle is then 
removed from the chuck and replaced between centers with 
the dog as before. The surface of the copper casting may 
now be faced off with the assurance that it will be truly 
at right angles with the spindle. The edge of the casting 
may also be turned. The depression in the center of the 
casting is cut py in. deep and 1% in. in diameter. This 
casting finished, it may be removed -from the spindle and 
the No. 2 casting put on. The facing cut is again taken, 
the depression made, and the edge turned. The entire 
spindle with the casting is now to be reversed in the lathe, 
the casting first being pinned to the spindle on which it is, 
of course, to remain. The drive this time is by means of a 
stud projecting from the faceplate and engaging a screw 
in the periphery of the casting; the hole in which the screw . 
is placed is subsequently used for the binding post, to which 
the flexible cable is attached. 

The spindle may now be turned to its finished diameter 
of % in. for a space of 13% in., and from this point to the 
end it is finished off to yẹ in. ready for threading. The lat- 
ter operation is accomplished as before by starting the die 
with the faceplate in the tailstock. 

The spindle for the lower portion of the gap casting is, 
of course, threaded 74-18 throughout its length. This oper- 
ation is most easily done by gripping a piece of yẹ in. rod 
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in the chuck and threading to the required length before’ 
cutting off. As shown in the detailed drawing, Fig. 3, 
the length of this spindle is 2,55 in. 

The frame plates 5 and 6 are iron castings. The pat- 
tern is a simple one that may well be cut out on a scroll 
saw, the boss for spindle and the small elevation in each 
corner being turned separately and fastened on with brads 
and glue. The finished size of this casting is shown in Fig. 
2. The one pattern serves for both castings, but the machine 
work on each casting differs slightly from that on the other. 
As will be noted, the central hole in casting 6 is tapped 
for the 74-18 spindle, while that on casting 5 is drilled and 
reamed to provide a good sliding fit for the plain portion 
of the spindle 3. The clearance holes for the pins in the 
upper electrode casting are also indicated in casting 5. A 
smooth file-cut on the corner bosses finishes the machine 
work on the frames after all holes have been drilled. 


The four corner posts are of fiber rod 34 in. in diameter 
and faced off accurately to 4% in. in length. Tapped holes 
are made in the ends for the 14-20 screws which fasten the 
structure together. l 

The remaining details are obvious in construction. In 
assembling the gap, the feet and four corner posts are first 
secured to the lower frame. Then the lower electrode is set 
up tightly on its spindle in the frame. The upper electrode 
is placed on the lower and the coiled spring slipped over 
the spindle. The top frame is next slipped on, making sure 
that the pins engage the proper holes in the frame. The 
driving home of the corner screws and screwing on of the 
insulated adjusting knob completes the assembly, and the 
builder is ready to see how well he has done his work. The 
only “snag” is likely to be found in the inaccuracy of the filed 
bosses on the upper frame. To make a thoroughly good job 
these should have been faced off in a lathe at the same time as 
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Fig. 3.—Details of the small parts 


the central hole was drilled. To do this would require a 10-in. 
lathe, however, and in view of the admitted restrictions men- 
tioned in the opening paragraphs it was thought best to omit 
this specification. The facing off and drilling should by all 
means be done on the faceplate if a sufficiently large lathe 
is available. 

Quenched Gap Transformers.—The transformer for use 
with a quenched gap is essentially the same as that used 
with the ordinary open gap. The one possible difference 
worthy of mention is the secondary potential employed. 
With the quenched gap, this potential may be considerably 
lower; this change merely introduces an increase in the 
number of discharges per second. For certain classes of 
work, this characteristic is of material advantage, while 
for others it possesses no particular merit. 

The principal advantages to be derived from the low 
potential secondary are as follows: The discharge from the 
high frequency coil is thicker and hotter, although it is. 
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not so long; the comparatively low potential secondary 
is cheaply and easily built and insulation difficulties are les- 
sened materially ; for electro-therapeutic work, the quenched- 
gap in connection with the low potential transformer gives 
a current of very high milli-amperage which is of value 
in cases where the blood pressure of the body must be re- 
duced by auto-condensation in a short time. 

The instrument to be described is of 2 k.w. capacity . 
and it delivers a secondary current at a potential of 2500 
volts. The power factor is about 85 per cent. and at full 
load the primary of the transformer draws 23 amp. from the 
line on a 110-volt circuit. The winding specified is for 60- 
cycle circuits but the data for other frequencies may be 
calculated as described on Page 27. As the construction of 
transformers has been covered so thoroughly in preceding 
chapters, no attempt will be made to cover the method of pro- 
cedure. ` 

The core of the transformer is 3 in. square in cross- 
section and the core irons are to be provided in two sizes, 
i. e., 3 by 8 in. and 3 by 12 in. Each leg of the core will re- 
quire 130 irons to build up the required three inches and 
accordingly 360 pieces of each size of iron will be required 
for the core. The core iron weighs approximately 94 lbs. 
for this transformer. This core is generously proportioned 
and the instrument may be overloaded to a considerable 
extent without ill effects as the core is not worked nearly 
to the point of saturation on a 60-cycle circuit. 

The primary winding consists of 152 turns of No. 9 
D.C.C. magnet wire wound on a round form. As the wind- 
ing space on the core is 5 in. the primary coil may be 4% 
in. in length overall to provide the necessary % in. of space 
on either side for insulation. The winding may be tapped at 
the 125th, 135th and 145th turns if it is desired to have a 
convenient means of over-loading the instrument. When 


QUENCHED GAP APPARATUS. 4 109 
the full number of turns is in use, the instrument operates at 
its rated capacity. 

The secondary winding consists of 3,454 turns of No. 
23 enameled wire wound in two sections. This winding is 
also done upon a round form, the air-space between winding 
and core serving to keep them both cool through the medium 
of the extra radiation surface provided. Each section of 
the secondary winding may be wound upon oiled paper 
1% in. wide. The winding may be carried out to within 
¥% in. of either edge of the paper, which makes the actual 
width of winding 114 inch. The two secondary sections are 
separated by a disc of fibre or, preferably, micanite sheet- 
ing, the edges of which may be bent arounc to lap over the 
pieces inserted between the secondary sections and the 
core. For specific instructions on the winding of a two- 
section secondary, see the transformer directions in later 
chapters. i 

The magnetic leakage tongue may well consist of a 
bundle of pieces of the core iron cut 3 by 4inch. The thick- . 
ness of the bundle will depend upon the condenser capacity 
used with the transformer and also upon the type of gap 
employed. The correct amount can readily be determined 
by experiment, however, after the instrument has been 
finished and put in operation. 

Caution.—The secondary winding of this transformer 
is of low resistance and it delivers a high potential current 
that would most likely prove fatal if taken through the 
body. For this reason, more than ordinary care should be 
exercised in the handling of the instrument. If one takes the 
precaution always to make sure that the main switch con- 
trolling the primary current is quite open and so located 
that it cannot by any possibility fall shut while the opera- 
tor is working with the transformer, no accident can happen. 
In the experience of the author, but one serious accident _- 
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has occurred in connection with this type of apparatus and 
that was caused through the playful antics of a pet dog. 
The control switch of the outfit was, temporarily mounted 
upon the floor and the canine came bouncing along just 
as a connection on the rotary spark gap was being changed ; 
a swish of the dog’s tail and the switch came down, turning 
on the low frequency, high potential current. The shock 
was sickening but fortunately the body was well insulated 
from ground as the floor happened to be dry. It is the 
totally unexpected incidents of this nature that develop into 
real accidents. The high potential current is something 
that need not be feared, but it should certainly be respected. 

The Condenser.—The oscillation condenser for this type 
of apparatus may well be built up into sections of .01 mfd. 
each as described in former chapters. The total capacity 
required will range from .04 to .08 mfd., depending upon the 
number of turns in the primary of the oscillation trans- 
former and the type of quenched gap employed. As the po- 
tential is low, the condenser is not subjected to the strains 
that have to-be borne by the usual type. The current is 
relatively large, however, and the plates are likely to heat if 
the operation is maintained for any great length of time. 
For all ordinary purposes of demonstration apparatus, the 
single units connected in parallel to give the desired ca- 
pacity will answer but if the coil is to be operated for say 
half an hour steadily at a time, as is the case in certain 
branches of electro-therapeutics, the series-multiple connection, 
in which four times the number of untis are employed, 
should be used. For detailed directions covering this con- 
denser, refer to Chapter IV which explains the various 
methods of connection, 


CHAPTER XI. 


PHYSICIANS’ PORTABLE APPARATUS. 


The design of a portable high frequency outfit for the 
use of physicians has been approached with some diffidence. 
Such an outfit imposes certain requirements in skill and 
workmanship that the amateur constructor is not likely to 
possess. 

The portable outfit, to be of practical value, must be 
compact, light in weight, rugged in construction, and, above 
all, reliable and very efficient in operation. This means 
expert workmanship in the construction of the various parts 
and no little skill and ingenuity in their assembly within 
a case of small compass. The greater difficulty will be in 
the placing of the connecting wires and cables. These leads 
must frequently be placed in locations that are seemingly 
inaccessible. Should a short circuit occur within the case 
while the apparatus is in operation, the results might be 
dangerous. A large measure of the success achieved by 
electro-therapists has been due to their use of apparatus 
that could be depended upon to work at the right time and 
thereby to establish a feeling of confidence on the part of 
the patient. 

For the reason stated above, no attempt will be made 
to describe the construction of a portable electro-therapeutic 
outfit of the transformer type. The high tension trans- 
former is difficult of construction for the amateur in the 
very small and compact design that is necessary in this 
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case. The kicking coil type of outfit lends itself admirably 
to the requirements of the practitioner, however, for work 
at the patient’s bedside and such an outfit may readily be 
constructed by the amateur worker who is the fortunate 
possessor of a few tools and some ingenuity in their use. 


Portable Kicking Coil Outfit.—In Chapter VIII, a very 
good outfit of this type is described in detail. The specifi- 
cations call for the various parts of the outfit mounted 
upon a common base of wood. For the purposes of the 
physician, the entire outfit may readily be assembled in 
a wooden cabinet with handle attached, or it may be built 
into a small leather suitcase. The latter method is, per- 
haps, to be preferred as the container is more durable. 


In building the outfit from the directions given in the 
chapter referred to, the worker had best employ a mica 
condenser in lieu of the glass sheets. The mica sheets 
come in a thickness of about #4 in. and each sheet may 
safely be split in two as the mica has a higher dielectric 
value than the glass. The cost of the mica is, of course, 
much higher than that of the glass but only half as much 
of the mica is required. The exact number of plates re- 
quired is dependent partially upon the speed of the inter- 
rupter and the worker may well experiment as directed in 
Chapter VIII to determine exactly the right amount of 
condenser to use before he proceeds to build the box that 
is to hold the plates. 


The discharger post of the oscillation transformer may 
prove so long that the apparatus will not go into a case of 
reasonable size. If this is the case, the post may be cut off 
an inch above the box in which the coil is mounted, and 
fitted with a plug and socket connection. The arrangement 
of the parts will suggest itself to the builder and no specific 
instructions will be given owing to the fact that the size 
of the cabinet or suitcase to be used will govern the precise 
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layout of the various instruments. The description of 
standard apparatus which follows will serve to offer a few 
suggestions relative to suitable arrangement. 

Standard Electro-Therapeutic Apparatus.—The stan- 
dard apparatus now on the market has reached a high stage 
of development and in many cases the physician will do 
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Fig. 1.—Portable transformer outfit designed for vacuum tube treatment work 


better to buy an outfit outright rather than attempt the 
construction unless he is exceptionally well supplied with 
tools and facilities for good work. The portable outfits 
range in price from $75.00 to $185.00 and instruments at © 
the latter figure are arranged to operate on either alternat- 
ing or direct current. With the larger types of these 
portable outfits, light X-ray work may be done at the pa- 
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tient’s home. This feature is of prime importance where 
X-ray diagnosis is deemed advisable and where, at the 
same time, there is no other reason for moving the patient 
to the hospital. 


In Fig. 1 may be seen a reproduction of a portable 
outfit that may justly lay claim to many unique features. 
This is one of the lower-priced outfits but the price cannot 
be taken as a criterion of its value. The outfit incorporates 
an exceptionally fine control device which renders it well 
adapted to the requirements of the general practitioner or 
the specialist who uses the usual high frequency modalities 
in his work. The range of the apparatus covers everything 
but the X-ray and the elimination of this feature in the 
design is largely responsible for the low price of the outfit. 


The outfit is of the transformer type and it operates 
only on alternating current circuits; for use with direct 
current, a rotary converter is necessary. The rotary costs 
about forty dollars and its weight detracts from the porta- 
bility of the outfit. The main consideration for the prospec- 
tive purchaser is, therefore, to determine whether the cur- 
rent supply in the places where the outfit is to be used, is 
alternating or direct. If the latter is found to be prevalent, 
a modified type of portable outfit selling at the same price 
would serve the purpose better. 


The small transformer outfit described in the preceding 
paragraph is designed for all classes of vacuum tube, fulgu- 
ration and diathermic treatments. For fulguration the outfit 
is ideal as the fine control enables the operator to change 
from a comparatively cold spark such as is used to produce 
a dehydrating action, to a hot and caustic spark. The 
principal feature of the control is found in the use of an 
interchangeable pair of secondary coils on the oscillation 
transformer. In addition to this, the “coupling” of the 
primary and the secondary is variable, which introduces 
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a further refinement of control. One of the secondary units 
or “inductors” as they are called by the manufacturer, is 
wound with comparatively few turns of coarse wire to pro- 
duce the hot spark for fulguration, while the other coil is 
wound with a greater number of turns of finer wire to 
produce the higher voltage necessary for vacuum tube work. 

For diathermy where an exceedingly heavy current is 
made to pass through a localized area of the body, the coil 





Fig. 2.—Portable kicking coil outfit that will operate on either direct or 
alternating current 


is quite unique as it is capable of delivering a current vary- 
ing between zero and 2,000 milliamperes between the 
diathermic electrodes. 

Direct Current Outfits.—Fig. 2 illustrates a treatment 
outfit of the kicking coil type that sells for $75.00. This 
outfit weighs but thirty pounds, will operate on either direct 
or alternating current circuits, and combines all of the 
high frequency modalities with the exception of heavy auto- 
condensation and X-ray work. True, it will do light gen- 
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eral diagnostic work as the potential is sufficient to break 
down an air gap of four inches which is sufficient to excite 
the average six-inch X-ray tube. of moderate vacuum. 

The outfit described is preferable to the transformer 
apparatus in the event that nothing but direct current is 
available in the vicinity. No rotary converter is necessary 
and if the physician chances to be in a neighboring town 
where alternating current is unexpectedly found, the appa- 
ratus is equal to the emergency. 

For dentists this outfit is exceptionally well adapted. 





Fig. 3.—Powerful Portable outfit comprising both kicking coil and transformer 
for use on either direct or alternating current circuits 


{t is excellent for the treatment of diseases of the oral 
cavity and in addition it will make good radiographs of the 
jaws with comparatively short exposure. 

Large Portable Outfits.—Fig. 3 illustrates an outfit of 
the highest grade which combines the features of porta- 
bility, reliability, and general utility to a degree not ap- 
proached by the smaller outfits. The price of this equipment 
is $185.00 when arranged for both alternating and direct 
current use. 
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This outfit is capable of doing all manner of general 
high frequency and X-ray work that may come within the 
requirements of treatment at the patient’s bedside. The 
various modalities can be obtained from the equipment as 
follows: Static spark, vacuum electrode, fulguration or con- 
vective discharge, high frequency spray or effleuve, Oudin, 
Tesla and D’Arsonval currents, unipolar current, cautery 
current, ultra-violet lamp (from alternating current circuits 
only), and currents for auto-conduction and auto-condensa- 
tion, sufficient for all local treatments. In addition to this, 
the apparatus is capable of giving very good results in 
X-ray work of the lighter type such as making radiographs 
of the extremities, fluoroscopic examinations for‘ diagnosis 
in cases of fracture, etc. j 

The outfit combines both a transformer and kicking 
coil. The former is used on alternating current circuits and 
the latter on direct. The operation is controlled by means 
of a few switches and levers and simplicity is a character- 
istic of the equipment. 


CHAPTER XII. 


PHYSICIANS’ OFFICE EQUIPMENT. 


The construction of a powerful and efficient high fre- 
quency and X-Ray equipment capable of meeting all the 
requirements of the general practitioner is well within the 
reach of the average amateur builder. 

True, the apparatus will not be enclosed in a handsome 
cabinet and the entire outfit will probably be somewhat 
bulkier than the manufactured article. Furthermore, the 
cost of the entire apparatus will probably be nearly as great 
as that of a professional outfit purchased complete. The 
amateur constructor’s principal reason for building his own 
outfit will probably be the experience he receives and the 
intimate knowledge of the compotent parts that he acquires 
during the process of building. 

The design for a 1 K. W. outfit comprising all of the 
popular high frequency modalities is contemplated. Fig. 1 
suggests the assembly of the various units upon a table of 
conventional design. Of course, all of this apparatus might 
be arranged within the walls of a cabinet, but for use in 
the office where the outfit is seldom if ever to be moved, 
the cabinet has no particular advantages over the simple 
arrangement shown in the illustration. Furthermore, the 
assembly on a table results in a most imposing array of 
instruments all of which are readily accessible for adjust- 
ment or repair. 

The complete apparatus is divided into two basic 
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groups, one of which is the exciting apparatus comprising 
transformer, spark gap and condenser, while the other 
group embraces the oscillation or high frequency trans- 
formers, of which there are three. Of the latter, No. 6, 
the first instrument on the left in Fig. 1, is a coil of the 
Oudin type capable of producing a high frequency current 
of moderate potential for vacuum tube work; high potential 
current of very high periodicity for producing a spray or 
affleuve; and a current of great intensity, moderate poten- 
tial and high periodicity for the removal of moles and warts 
by means of fulguration. The maximum spark length of 
this coil is about 3 in. The winding is coarse and the coil 
may therefore be used for high potential auto-condensation 
work. The variation in frequency and potential is effected 
by means of an adjustment of the number of primary turns. 


The coil shown in the center of the table, Fig. 1, is 
designed for X-Ray work. This instrument is an oil-im- 
mersed oscillation transformer which may be termed a com- 
bination of the Oudin and Tesla types since two Oudin 
coils are placed base to base to form a Tesla coil of sound 
mechanical construction. 


The X-Ray coil produces a thick and very hot 10 in. 
discharge between the points connected with its terminals. 
With a suitable high frequency tube, radiographs may be 
made of any part of the body in a comparatively short 
space of time. 


The oscillation transformer at the right, No. 8 in Fig. 
1, is intended for general D’Arsonval treatment and its de- 
sign is such that the work may be made to cover both auto- 
condensation and diathermy. The latter is a comparatively 
new method of treatment which consists in placing a plate 
of metal on either side of the localized area to be treated 
and passing a very heavy current of from 800 to 2,000 
milliamperes. The frequency, potential, and intensity of 
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Fig. 1.—Large electro-therapeutic outfit mounted upon a table 
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the current delivered by this transformer may be varied to 
an astonishing degree by placing the clips attached to the 
flexible connecting cords on different turns of the winding. 
This wide range of adjustment permits the operator to so 
attune the apparatus that the circuits through the patient’s 
body and the coil may be brought very closely to resonance. 


Reference to Fig. 4 will disclose the wiring diagram 
for the complete outfit. The reader will note that the leads 
from the condenser and the spark gap are attached to two 
copper tubes placed parallel with the X-Ray transformer 
and supported in insulating pillars secured to the top of the 
table. From these tubes heavy flexible cables complete the 
oscillation circuit through the primaries of coils 6, 7, and 8. 


The thoughtful reader will, of course, understand that 
one coil is connected in the circuit at one time; this permits 
of a concentration of the full output of the exciting appa- 
ratus upon the particular coil in use and obviates the 
necessity of dividing the energy among the several instru- 
ments, only.one of which is used at one time. Two sparks 
gaps are specified in the assembly, Fig. 1. The gap “4” is 
of the conventional stationary variety with nickel steel or 
silver electrodés, while the gap “3” is of the rotary type 
with zinc stationary and aluminum rotary electrodes re- 
spectively. The rotary gap is used for the X-Ray and 
D’Arsonval coils, while the stationary gap is best adapted 
for the Oudin Coil, No. 6. The current delivered by the 
latter coil must be under perfect control and in certain 
classes of vacuum tube work it is necessary that a delicate 
and perfectly steady high frequency spark be employed. 
The stationary gap suggested will enable the operator to 
adjust his current with such delicacy that the spark may 
be brought from a velvety spray a quarter of an inch 
in length to a hot, 3 in., caterpillar discharge simply through 
an adjustment of the length of gap, variation of primary s“ 
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turns and changes of the current regulator on the low fre- - 
quency transformer, The rotary gap is intended for long- 
continued treatments where the apparatus is working at 
aproximately full power during the entire length of time. 
While the stationary gap is in use, the disc of the rotary 
is turned so that the electrodes are opposite the open spaces 
in the periphery of the disc; when the rotary gap is to be 
used, the adjustable electrode of the stationary gap is 
merely opened until the spark prefers to pass by means of 
the rotary. i 

A useful accessory to the apparatus is shown mounted 
on top of the D’Arsonval coil, 8. This is a hot wire meter 
that will indicate accurately the amount of current passing 
through the patient’s body while the D’Arsonval treatment 
is being given. The design for a simple hot wire meter is 
given in the next chapter for the sake of completeness, but 
in view of the fact that a standard instrument of the type 
shown in the illustration can be purchased for $12.00, the 
amateur builder is scarcely justified in attempting the con- 
struction. 


The low frequency transformer, 2, which converts the 
residence lighting current into a high potential one suitable 
for charging the condenser of the outfit, is a standard mag- 
netic leakage instrument with a variation in the number 
of turns in the primary. The alternating current supply 
from the house mains is connected with the knife switch 
shown directly above the transformer and from the switch 
a cable leads to the low-tension terminals of the trans- 
former. The snap switch controls the rotary spark gap 
motor. 


The condenser is the glass plate type arranged in sec- ` 
tions or units which may be connected in multiple one 
section at a time by means of the single pole knife switches 
shown on the. top of the cabinet (5 in Fig. 1). 
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For the sake of clarity and simplicity, the construction 
of the various instruments that enter into the assembly of 
the outfit is divided into eight sections, each part bearing 
an appropriate heading. The numbers preceding each head- 
ing correspond with the numbers assigned to the various 
instruments shown in Fig. 1 which represents the ground 
covered in the first part of this chapter. 


The Magnetic Leakage Transformer. 

The Rotary Spark Gap. 

The Stationary Spark Gap. 

The Oscillation Condenser. 

The Vacuum Tube Treatment Transformer. 
The X-Ray Oscillation Transformer. 

The D’Arsonval Oscillation Transformer. 


SONAM PWN 


Magnetic Leakage Transformer.—This transformer 
is of 1 K. W. capacity and the data is given for windings 
suitable for use on 110 and 220 volt alternating current cir- 
cuit having periodicities of 25, 60, and 125 cycles. This 
data will be found in Fig. 2 which gives the details of the 
transformer. The specific instructions for the building of 
the instrument apply only to the 60 cycle, 110 volt winding 
as that is the one most commonly used. 


` The core is a hollow rectangle of laminated silicon steel 
built up by placing rectangular pieces of the steel with 
ends overlapping alternately to the right and left as shown 
in the drawing marked “assembly.” Two sizes of core 
pieces will be needed, namely, 2 x 534 in. and 2 x 63% in. 
and 340 pieces of each size will be required. The magnetic 
leakage tongue shown in the center of the core is a bundle 
of 90 pieces of silicon steel cut 3 in. x 35@ in. The silicon 
steel for the core may be purchased cut to size and ready 
to assemble, if desired, and this course is the wiser one to 
pursue if the constructor is not possessed of a gate shear. 
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THIS CORE 
FOR 
aS, SO oOR125 
CYCLES 


ASSEMBLY 


CYCLES PRIMARY SECONDARY 


RS 400 TURNS 16600 % 
NO.12 0.¢.c. NO. 30 Ex 


GO 200 TURNE ©6400 Tu 
NO. 11 D.C.C. NO. £8 En, 


125 100 TURNS 4200 Tu 
NO.11 OCC, NO. 26 En, 





Fig. 2.—Data for the magnetic leakage transformer 


The 2 x 5% in. pieces of steel are to be divided into 
two equal piles and each pile assembled with the strips 
alternating to such an extent that the overlap is just 2 in. 
The assembled pieces may be clamped in a vise and tightly 
bound from end to end with friction tape, releasing the 
core an inch at a time as the binding proceeds. 

The winding is done directly upon the core in the case 
of both primary and secondary. The illustration suggests 
how this may be accomplished. Two blocks of wood are 
prepared with recesses to take the ends of the core strips 
in order that the core may be held in the lathe for winding. 
The primary winding consists of 200 turns in all of 
No. 11 D.C.C. wire tapped at 110, 140, 170 and 200 turns. 
The winding is 27 turns per layer and the first layer of 
wire is wound upon two thicknesses of micanite wrapped 
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over the core. A single turn of micanite is placed between 
layers of wire to insulate the winding and to keep the latter 
uniform. A convenient method of making the taps in the 
primary is to solder a length of copper ribbon to the proper 
turn, insulating the ribbon thoroughly with paper where 
it passes between adjacent turns. To this tap of copper 
strip, a flexible stranded cable may be soldered and carried 
to the switch on the outside of the transformer case. When 
the primary winding is finished it may be given several 
coats of armalac and permitted to dry. 


The secondary is wound in two sections upon the other 
leg of the core. Each section has 4.200 turns of No. 28 
enameled wire which is wound in layers 1 in. wide with 
‘layers of oiled paper 114 in. wide, between. The precise 
manner in which this winding is done has been covered so 
thoroughly in other chapters of this book that to reiterate 
the instructions would be superfluous. 


When the windings have been completed, the core is 
assembled by fitting in the longer core pieces in the spaces 
left between the projecting ends of the cores containing 
the windings. This is rather a tedious job, but with the 
aid of a small hammer judiciously applied, the magnetic cir- 
cuit may be completed without undue labor. The magnetic 
leakage tongue is wedged between the yokes of the core 
by means of wooden strips. The complete transformer is 
mounted within a wooden case, the dimensions of which 
have not been given. 


The Rotary Spark Gap.—This gap may be of the stock 
variety sold by many wireless supply houses for use in 
connection with amateur transmitting sets of from one- 
half to one K. W. capacity. The design presented in Fig. 
1, however, is simple of construction and in use it will be 
found superior to some of the manufacturerd articles now 
on the market. 
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The rotor is a disc of % in. aluminum, 6 in. in diameter, 
and having 12 semi-circular sections removed from its 
periphery, thus leaving a series of 12 teeth, each tooth pre- 
senting a surface of 14 x ¥ in. to the stationary electrode 
mounted on either side. The rotor disc is fitted to a fibre 
bushing and this bushing is mounted upon the shaft of a 
small alternating current fan motor, which should have a 
speed of approximately 1,800 r.p.m. 


The stationary electrodes are lengths of 34 in. zinc rod 
threaded and tipped with large discs of fibre-to serve as 
adjusting knobs to vary the gap between the electrodes 
and the disc. 


The entire apparatus is mounted upon a substantial 
base of dry wood. - 

The Stationary Spark Gap.—This gap may be a stock 
one purchased from a wireless dealer or it may be con- 
structed to order. The design given in Fig. 1 covers a gap 
of substantial proportions and one that is designed for con- 
tinuous operation. The gap consists essentially of the two 
nickel steel or silver electrodes, mounted upon threaded 
rods, and supported by square brass pillars of suitable 
proportions. One of the threaded rods is fitted with a 
‘large fibre handle for purposes of adjustment. Radiators 
consisting of discs of brass separated by washers are 
mounted in back of the electrodes in order that the latter 
may be cooled. The construction is so clearly shown in 
the drawings that no further description is deemed neces- 
sary. 


The Oscillation Condenser.—The condenser comprises 
four units of .01 mfd. capacity each, so arranged that they 
may be connected in multiple one at a time by closing the 
three single pole knife switches mounted on the top of the 
cabinet. The connections are clearly shown by the diagram 
in Fig. 4. 
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Each unit of the condenser is composed of 10 plates of 
8 x 10 photographic negative glass coated on both sides 
with 6 x 8 in. sheets of tin foil with lugs projecting alter- 
nately first on one side and then on the other as the units 
are assembled. The construction of this type of condenser 
is thoroughly covered in other chapters of the book. 


The Vacuum Tube Oscillation Transformer.—This os- 
cillation transformer is of the Oudin type comprising a 
secondary of 200 turns of No. 18 annunciator wire in a 
single layer wound upon a cardboard cylinder 8 in. in diam- 
eter and 13 in. long, and a primary helix of 10 turns of 
edgewise wound copper strip having an inside diameter of 
1034 in. The primary turns are supported by rectangular 
pillars of fibre or hard rubber preferably mounted upon an 
independent base in order that the complete transformer 
may be removed from the table without difficulty. 


The top turn of the secondary winding is connected 
with the brass ball surmounting the coil while the bottom 
turn is connected with a common ground terminal which 
is mounted upon a copper bar running the entire length of 
the table. The bottom turn of the primary helix is like- 
wise connected with this ground terminal. 


The X-Ray Oscillation Transformer.—This coil is of 
the oil-immersed type. Fig. 7 shows clearly the method of 
construction and the reader will note that the transformer is a 
combination of the Tesla and Oudin types. Two secondary 
coils are wound upon 6 x 8 in. cylinders of cardboard and 
the winding is to be of No. 22 D.C.C. wire wound in a 
single layer until 200 turns are in place on each of the 
cylinders. The turns are either to be spaced in a lathe or 
else wound with a coarse thread between, for it is essential 
that they be separated fully the thickness of a piece of the 
wire in order that the very high potential between turns 
may not puncture the insulation. Both secondary coils are, 
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Fig. 3.—Oil-immersed oscillation transformer for X-Ray work 


of course, to be wound in the same direction as one coil is 
to be a continuation of the other when they are placed end 
to end. 2 

The two secondaries are secured to the central piece 
of wood which is fastened to the cover of the case that 
contains the transformer. The outside ends of the second- 
ary winding are connected with rods leading to the dis- 
charge balls of the coil while the inside ends are, of course, 
connected together, a wire passing through the supporting 
board for this purpose. 

The primary is composed of 8 turns of edgewise wound 
copper strip 714 in. inside diameter. The helix is divided 
in the center in order that 4 turns may be placed on either 
side of the wooden piece upon which the secondary cylin- 
ders are mounted. The primary turns are mounted upon 
slotted fibre supports in the usual manner. A tap consist- 
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ing of a length of heavy incandescent lamp cord is soldered 
to each of the 3 outer turns on both sides of the helix and 
brought to its proper terminal in the cover of the case. 
The containing case should be of rather heavy stock 

and lined with sheet zinc with corners carefully soldered. 
The reader will note that when the cover of the case is re- 
moved the entire coil comes out with it and there is ac- 
cordingly no necessity for attempting to make any connec- 
tions underneath the oil which fills the zinc-lined case. 

When the mechanical work on the transformer is finished, 
the cabinet may be filled nearly full of transformer oil, or, 
if this is not available, deuble-boiled linseed oil may be 
employed. The oil should be made very hot before the. 
transformer is lowered into it in order that the air may be 
expelled. 


The essential details of construction are clearly shown 
in the drawing, Fig. 3. Further discussion is not deemed 
necessary. í 


The D’Arsonval Oscillation Transformer.—This is a 
standard “loose coupled” helix of the wireless type and it 
may be purchased complete for $12.00. It is simple of con- 
struction, however, and the builder, if he so desires, may 
purchase merely the edgewise wound copper strip, making 
the slotted hard rubber supporting posts and the wooden 
heads in his own work shop. The copper helix is 71⁄4 in. 
in diameter and the strip may be purchased already wound 
at 15 cts. per turn. The primary or lower portion of the 
transformer comprises 8 turns while the secondary or upper 
portion contains 22 turns. There is no electrical connection 
between the two, the closed oscillating circuit taking in the 
primary while the patient’s body is connected with the 
secondary. : 


Assembly.—The entire lot of apparatus is assembled as 
shown upon a substantial table fitted with a shelf beneath, 
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GROUND 


Fig. 4.—Diagram of connections for the entire outfit 


Fig. 4 gives a complete wiring diagram for the entire 
group of apparatus. The connecting wires should be of 
heavy stranded cable which may conveniently be made by 
grouping four or five strands of heavy incandescent lamp 
cord together and binding them into a cable with tape or 
fishline, and soldering the ends into suitable lugs. The 
variable connections to the turns of the primary coils may 
be clips of the conventional variety. The drawing suggests 
a clip of suitable design. The ground connection is abso- 
lutely essential and care should be taken to see that the 
ground terminal is connected with the nearest water pipe 
whenever the apparatus is to be set in operation. 





CHAPTER XIII. 


HOT WIRE METER CONSTRUCTION. 


A Hot Wire meter is the most easily and cheaply con- 
structed of all practical electrical measuring devices. It 
may be used either as an ammeter, or in series with a re- 
sistance, as a volt-meter, on direct or alternating current of 
any frequency, and it is the most satisfactory high fre- 
quency current measuring device known. 

The principle upon which a hot wire meter operates is 
the expansion of metals when heated. The current passes 
through a long, fine wire “element,” which becomes longer 
when heated by the traversing current. The one end of 
this wire element is fixed stationary, while the other end is 
attached to a lever, which acts as an “indicator.” In this 
way the linear expansion of the wire causes a movement 
of the indicator which is proportional to the square of the 
current. 

The instrument here described will give very good re- 
sults and it may be constructed at a minimum cost. Its 
current carrying capacity and sensitivity may be varied by 
changing the cross-sectional area or material of the wire 
used. Platinum alloy wire is generally used on commercial 
instruments on account of its high melting point, but for 
experimental work, copper wire will very often answer very 
well, The higher the resistance and the greater the co- 
efficient of expansion of the wire, the more sensitive the in- 
strument. The higher the conductivity of the wire, the 
greater the current it may carry for a given cross-sectional ` 
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Fig. 1—Meter with cover removed 


area. The temperature of the wire should not go too high, 
because the higher the temperature of the wire above that 
of the-surrounding atmosphere, the greater the loss of heat 
by radiation, and hence the greater the inaccuracy of the 
instrument. Therefore, the material and cross-sectional 
area of the wire must be determined by the current and 
use for which the instrument is intended. It is best to 
experiment with several wires to find which is best adapted 
to the purpose. 

The hot wire meter is absolutely “dead-beat,” i. e., the 
pointer does not fluctuate but comes to an absolute rest 
as soon as it reaches the extent of its travel. To offset this 
pronounced advantage, the instrument is slow to record. 
The hot wire element takes a certain amount of time to 
assume its final temperature and degree of expansion and 
the pointer moves slowly over the scale. If a very fine wire 
is used for the element, the action is hastened and the ina- 
bility of the fine wire to carry any great amount of current 
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may be overcome by using a shunt across the meter 
terminals. 

Fig. 1 shows the meter in a plan view while Fig. 2- 
gives an idea of the movement. The hot wire, 1, is sup- 
ported between two posts, 2, 2, to which the current is 
applied. Attached to the center of the hot wire by means 
of a fine wire hook 3, is a length of silken thread which 
passes in three turns around the spindle of the pivot 4, . 
which carries the pointer. This spindle is taken from an 
old alarm clock. From the spindle, the silk passes to the 
end of a coiled spring 5, which is, in turn, held by a low 
post. When the wire element is heated, it lengthens and 
permits the silken thread to be drawn forward by the ten- 
sio” of the spring, turning the spindle and moving the 
pointer over the scale at the same time. 

The dimensions given in Fig. 1 are not hard and fast, 

but they are good in that they produce a meter of tested 
efficiency and value. Fig. 3 suggests the method of mount- 
ing the pivot which carries the pointer. The bridge is bent 





Fig. 2.—Movement of the hot wire meter 
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up of brass strip and the lower bearing is passed through 
the base of the meter. 7 

The meter may be covered with a suitable case, pre- 
ferably of wood if the instrument is to be used on high 
frequency currents. The mechanism is, of course, covered 
by the case which has an opening cut in it to show the 
scale. The latter should be made as the instrument is 
calibrated. If no standard meter is available for calibration, 





Fig. 3.—The Meter pivot. Fig. 4.—Showing connections for calibration 


the values may be placed on the scale with fair accuracy 
if a bank of 16-candlepower carbon lamps is available on 
a 110-volt circuit. Each lamp takes approximately 4% amp. 
and by adding one lamp at a time and marking the scale 
in half ampere divisions, a fairly correct scale will be the 
result. Various shunts should be experimented with during 
the first tests in order that the correct one may be per- 
manently connected across the binding posts of the meter. 
If the meter is to be read from 0 to 10 amp., a strip of 
German silver 34-in. wide and in about No. 28 to 30 gauge 
will be approximately correct. In testing, turn the current - 
on in gradually increasing amounts until 10 amp. pass. If 
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the pointer does not describe a full-scale deflection, cut a 
narrow strip from the shunt and try again. Continue this 
paring operation until the needle sweeps to the end of the 
scale when the full amount of current is passing. 

For electro-therapeutic purposes, the meter will require 
no heavy shunt as the current is measured in milliamperes 
or thousandths of an ampere. The most practical scale is 
one reading from 0 to 2000 m.a. (or, 0 to 2 amps.). 


The adjustment for zero is effected by turning the 
























































Fig. 5.—The meter in its case 


spindle 4, within the coils of silk thread. This is a dainty 
operation but patience is rewarded by success. The thread 
will give some trouble owing to its propensity for absorb- 
ing moisture and changing its length in consequence. The 
only remedy is either to seal the case hermetically or, better 
still, to use a length of the fine tinsel known as “galva- 
nometer suspension.” This may be obtained from a maker 
of high-grade instruments if the builder is fortunate in 
being near one. The material is exceedingly thin and nar- 
row phosphor bronze strip. 

The hot-wire element should be left just a trifle slack. 
Under no circumstances should it be taut. Before calibrat- _- 
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ing the instrument, the wire should be “aged” by heating 
it to its maximum several times and permitting the pointer 
to come back fully to the zero point. This will lessen the 


variation from zero. 


CHAPTER XIV. 


NOTES FOR THE BEGINNER IN ELECTRO- 
THERAPEUTICS. 


This chapter is intended, as its name implies, for the 
physician who feels a growing interest in the possibilities 
of electro-therapeutics but who knows very little of the 
subject. The discussion, therefore, opens with a descrip- 
tion of the electrical apparatus in order that the lay reader 
may understand the reference to the various instruments 
in the latter portion of the chapter. 

The Transformer.—The alternating current taken from 
the house lighting circuit at perhaps 110 volts is passed 
through a suitable controlling switch to the primary of the 
transformer. The function of this device is to change the 
intensity or voltage of the current from that suitable for 
lighting lamps to one many hundred times higher. The 
principle of the transformer has already been discussed in 
these cplumns, but for the benefit of the lay reader it may 
be said to be briefly as follows: When an alternating cur- 
rent is made to flow through a wire, a similar current will 
be produced in a second wire placed beside the first but 
having no connection with it. If the two wires be wound 
into coils and the coils placed side by side, the effect is 
greatly enhanced, and if a mass of laminated iron be placed 
within the openings in the coils the effect shows a very 
marked increase. This property of the alternating current 
is known as “induction” and the current produced in the 
second wire is said to be induced by that in the first. The 
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voltage of the current induced in the second wire is in 
direct proportion to the ratio between the numbers of turns 
of wire in the first and second coils. Therefore, if the first 
coil contains one hundred turns and the second coil one 
thousand turns, the voltage induced in the secofd coil will 
be ten times that applied to the first. Accordingly, let us 
assume that in our transformer there are one hundred turns 
of wire in the first coil or primary, as it is called, and thirty- 
five hundred turns in the second coil or secondary. If we 
impress a voltage of 110 on the primary we shall have a 
voltage of thirty-five times 110 or 3850 volts at the second- 
ary terminals. 


This high voltage makes it necessary to employ highly spe- 
cialized methods of insulating the windings of the trans- 
former for the tendency of the very high potential current is 
to leap through the air for a fraction of an inch or to tear 
its way through even the best of insulators unless they 
present sufficient resistance to its passage. 


We shall next see how this high voltage is applied to 
the operation of the apparatus and what measures are taken 
to safeguard the patient from the dangerous current. 


We have learned that the alternating current, after 
entering the apparatus within the instrument case, is trans- 
formed or stepped up in voltage to a value perhaps hundreds 
of times as high as that at which it enterd the instrument. 
This voltage would prove dangerous or fatal under certain 
circumstances if it were applied to the body of a patient 
in its existing state. Before it can be used, therefore, it 
must be converted to a current of very high frequency, 
i. e„ one which changes its direction of flow hundreds of 
thousands or perhaps even a million times per second. The 
astonishing characteristic of such a current is that it may 
be applied to the human body in quantities which would 
prove fatal if the current were of the commercial frequency. 
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The Condenser and Oscillatory Circuit.—Tracing the 
course of the high potential current as it leaves the second- 
ary of the transformer, we find that it passes into a device 
called a condenser. This piece of apparatus consists of a 
number of sheets of tinfoil separated by plates of mica or 
glass. The foil sheets are supplied with lugs projecting 
alternately first from one side and then from the other as 
the foil and mica plates are assembled. The alternate lugs 
are soldered together on each side and to these joints the 
wires from the transformer are fastened. Passing from the 
condenser we find the current flows through the primary of 
another transformer, but one without an iron core, and 
finally across a spark gap and back to the condenser. 


The condenser acts as a reservoir for the current, which 
stores up as a charge on the plates until the tension becomes 
so great that the current leaps across the spark gap in a 
crashing discharge. This discharge is not composed of a 
single spark, as appearances would seem to indicate, but 
it comprises many separate discharges which surge back 
and forth across the gap with a motion which may be 
likened to that of a swinging pendulum. When the energy is 
finally spent the discharge would naturally cease, but during 
all this time the condenser is again replenishing its supply 
from the high voltage terminals of the transformer and as 
soon as one discharge has died away, there is another charge 
ready to take its place. All of this happens perhaps in ahs 
ten thousandth part of a second or less. 


The oscillatory discharge of the condenser across the 
gap sets up a current of very high frequency in the circuit, 
which includes the primary of a second transformer in it, as 
previously explained. Obviously, therefore, it is -only 
necessary to place within this primary a secondary coil 
having a suitable number of turns of wire in order to obtain 
a high frequency current of any desired potential. There 
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is no electrical connection between the two in the case of 
certain forms of apparatus and, owing to the fact that 
nothing but the current of high frequency would induce 
another current in the secondary of this transformer—due 
to the absence of an iron core—there is no danger whatever 
of the patient receiving a shock of low frequency current 
from the secondary terminals. 


The generation of the high frequency current having 
been explained, the method of adapting it to the various 
electrodes and their uses will next be considered. 


Disregarding for the moment the effects of the various 
frequencies upon the body, we may turn our attention to 
the broad classifications given by the manufacturers of 
- apparatus to the currents produced. The classes are in the 
main but three: the Tesla or high potential current, the 
D’Arsonval or medium potential current, and the thermo, or 
as it is sometimes called, the diathermic current which is 
of comparatively low voltage as high frequency currents go. 
In order that the respective uses of the three currents may be 
the more fully understood, it is proposed to treat them under 
their proper headings. 


The High Potential or Tesla Current.—This current 
is that taken from the terminal of the post which tops the 
high frequency apparatus and it is generally applied through 
a vacuum electrode of glass which is held in an insulated 
handle of suitable form. The application is quite without 
pain, and, in fact, without much of any sensation other 
than gentle warmth, unless the electrode is lifted from the 
skin in which case the resultant spark is rather painful. 
Therefore, one of the first points for the operator to impress 
upon his mind is the fact that the electrode should never 
be applied or taken fram the patient without the operator 
placing his own hand upon the glass to divert the current 
from the patient. The entire success of the electro- 
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therapeutic treatment may be said to rest in the practitioner 
first of all inspiring confidence in his patient. 


The most pronounced physiological effect of the high 
voltage current is shown in the increase of blood supply to 
the part under treatment. This results in an improvement 
in the local nutrition. Other characteristic effects are an 
increase of heat locally without a rise in the body 
temperature, a marked increase in excretion and secretion, 
and a general effect which may be either sedative or 
stimulating accordingly as the current is higher or lower 
in frequency. 


In at least one particular can the vacuum tube appli- 
cation be said to be the direct oppisite to the low voltage or 
D’Arsonval treatment. The effect of the vacuum tube treat- 
ment is to increase the arterial tension when the tube is passed 
up and down the spine, while the auto-condensation treat- 
ment with the D’Arsonval current is exceedingly efficacious 
in reducing the blood pressure. The pertinent fact here 
is to note that in cases of arteriosclerosis,-the application 
of the vacuum tube to the spine should never be made. 
However, where the blood pressure is found to be normal, 
this treatment is of great advantage in producing a general 
tonic effect upon the system, particularly if a moderately 
low frequency is used. 


In cases of alopecia and other diseases of the scalp and 
skin the vacuum tube treatment has been found invaluable. 
The treatment has received a large amount of publicity 
under the misnomer of “The Violet Ray,” and so far has 
this misleading advertising been carried that the treatment 
has frequeritly been condemned as quack. The violet ray 
part of the proposition is simply a fascinating and perhaps 
mysterious-sounding trade name which was undoubtedly 
coined as a result of the appearance of the vacuum tube when 
the current is passing. The interior is filled with a purplish 
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blue light which has lead to the conception which, while it 
makes no claims definitely, leaves the uninitiated under the 
impression that the treatment is in some way associated with 
the famous ultra-violet rays of Finsen. The fact of the matter 
is that even though there were an appreciable amount of ultra- 
violet light generated within the tube (as is probably the 
case), the glass walls are practically opaque to the ray and 
its passage to the patient would be stopped. However, 
beyond the mere fact that this slight deception has lowered 
the dignity of the treatment and has made it a name almost 
as common as that of a patent medicine, the incident need 
not concern us. The merit of the high frequncy current 
properly applied is now definitely established beyond 
question, and the physician who first learns its powers and 
then uses it honestly is sure to derive everlasting satisfac- 
tion from the treatment. 

The treatment has met with the most encouraging 
success in the stimulation of the growth of hair on heads 
not hopelessly bald, and the experience of a number of 
prominent workers goes to show that even gray hair may 
be restored to its original color through a perfectly natural 
process. While success has not come in every case, still the 
results are so encouraging that the writer believes he is 
dustified in stating that this treatment offers a distinct 
opportunity to the scalp specialist who is willing to apply 
himself with the same diligence that he would bestow upon 
some unfamiliar but promising drug. The effects of the 
treatment are cumulative, and in stubborn cases patience 
is necessary, for while the first few treatments do not per- 
haps have the desired effect, the cumulative characteristics 
come out after persistent administrations. 


CHAPTER XV. 


PLANT CULTURE WITH HIGH TENSION 
CURRENT. 


There appears to be a decided scarcity of data cover- 
ing the process of plant culture through the agency of elec- 
tricity. The contributions on the subject have been any- 
thing but specific in nature and this is due, in part, to the 
fact that most of the experimentation has been carried on 
by private investigators who, for various reasons, do not 
seem disposed to make public the results of their research. 
In this country, the greatest progress has probably been 
made by the agricultural departments of several schools 
and colleges, and it is to the excellent bulletins from this 
source that the author is indebted for much of the data 
that led to some private experimentation. While the pres- 
ent discussion is based upon this experimental work, the 
author does not wish to pose as an authority on the subject 
and the remarks herewith are offered in the hope that they 
may lead to some private research on the part of the readers. 
An interchange of ideas and experiences is invited and it 
is felt that such a policy will be conducive to a broader pre- 
sentation of the subject in later editions of this book. 

While the art of electroculture is almost wholly in the 
experimental stage, still it may be said that the experiments 
are productive of really practical results and the apparatus 
necessary for their performance is not expensive, providing 
the investigator is content to begin on a small scale. 
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There are several methods by which plant life may be 
stimulated with the electric current and, in treating of the 
subject, the author will outline these methods briefly in 
order that the detailed descriptions of the equipment neces- 
sary in each particular case may be made clear. The con- 
struction of the apparatus involved will then be covered 
and it will be optional with the experimenter whether he 
constructs his apparatus or buys certain parts of it ready- 
made from manufacturers. The latter course is desirable 
in many instances as many instruments are rather difficult 
of construction and can be purchased ready for use almost 
as cheaply as they can be made in the home workshop. 

Electroculture Methods.—The methods by means of 
which plant life may be stimulated with the electric current 
may be divided broadly under two headings: One, in which 
the rays from an electric lamp are permitted to fall upon 
the area, under cultivation, and the other, that in which a 
high potential current is sent through a network of wires 
stretched over the plot of ground. This latter method may 
be further subdivided into two basic headings: One in 
which a high tension direct or low frequency alternating 
current is sent through the wires and, the other, that which 
employs a high potential, high frequency current. The 
former is simpler and productive of very good results; the 
latter is the more effective and, in some cases its results 
have been spectacular. 

Merely because the high tension Eie method was 
productive of the most encouraging results in the personal 
experience of the author this method will be discussed first 
of all. It is not claimed that this is the right or even the 
logical method; it simply “worked” where others failed 
in the case of one individual investigator who is naturally 
prejudiced thereby. 

The subject under investigation was a bed of lettuce, 
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Fig. 1.—Showing span of wires to carry the high tension current over a plot of 
ground in which plants are to be cultivated 


10 feet wide by 20 feet long. This was situated across a 
yard and 50 feet from the companion bed used for purposes 
of comparison. The two beds were boxed in with lumber 
and topsoil was taken from the same load for each; in fact, 
the conditions were as nearly identical as it was possible 
to make them. Four posts were set up at the electrical 
bed, in the corners of the plot as shown in Fig. 1. Ata 
distance of 5 feet from the ground, ten wires were spanned 
from crossarms attached to the poles. The wires were 
carefully insulated with two porcelain cleats in series at 
the end of each wire and a common lead connected the span 
of wires at one end as shown in the illustration. A ground 
connection is made by means of strips of galvanized iron 
“chicken wire” buried in the earth beneath the bed. The 
aerial conductor is brought to a small shed or other shelter 
arranged near the bed under cultivation and in this shed 
the high-tension transformer is placed. The power wires 
from the electric lighting circuit are carried to the trans- 
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former shed and a switch is conveniently placed both at 
the shed and at the point where the wires leave the house or 
pole. 

Caution Must be Observed.—The utmost care must be 
used to prevent the possibility of persons coming in con- 
tact with the span of wire over the bed, or, indeed with 
either wire leaving the transformer secondary, as the volt- 
age delivered at this point would produce a dangerous 
shock. To afford a safeguard in this particular, a fence 
should surround the plot and a contact be arranged at the 
gate in such manner that when the gate is opened a bell 
will be caused to ring and this will remind one to turn the 
current off from the transformer before entering the gate. 
This device is not difficult to design and in fact it may con- 
sist of one of the familiar release pushes such as are used 
on door jambs. 

The transformer used by the author delivered a poten- 
tial of 10,000 volts and was rated at % kw. The construc- 
tion was of the closed core variety and the instrument was 
immersed in oil to assist in cooling as the runs were from 
8 to 12 hours daily. Such an instrument can be purchased 
for a small sum from manufacturers of wireless telegraph 
apparatus and the experimenter is advised to buy one out- 
right. The necessary details are given, however, so that 
the ambitious worker may try his hand at the job if his 
courage is good. 

Construction of the Apparatus.—The transformer to be 
described is generously proportioned in order to provide 
ample insulation and radiation surface. The constructional 
details for a transformer to operate on the usual 60-cycle, 
110-volt supply are given herewith and in the full-page 
plate the worker will note that data for 25-cycle and 125- 
cycle instruments are given also. The windings for 70, 
110 and 220 volts are appended as well: 
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From the working drawing, the core is seen to be built 
up from pieces of sheet iron or silicon steel .014 in. thick 
and 7% in. long by 2 in. wide. This is for the 60-cycle 
transformer. The same general directions apply in the case 
of the other frequencies, therefore the description will be 
confined to the one only. In all, 460 pieces will be required. 
If silicon steel can be obtained from some transformer 
manufacturer it should by all means be used as it is not 
expensive and its permeability is very much higher than 
that of ordinary sheet iron. The core irons are laid up 
alternately in piles until each has assumed a thickness of 
2 inches, after which end pieces are fitted in the spaces 
left in the ends of the piles as shown in Fig. 2. Friction 
tape should be wrapped around the pieces of iron to hold 
them in place. 

The primary coil consists of 350 turns of No. 12 D. C. C. 
magnet wire wound upon a form which will give the open- 
ing in the coil a diameter of 3 inches. The primary may 
be wound to a length of 41⁄4 inches and after it has been 
removed from the form it should be carefully taped. 

The secondary is wound in 2 sections, each containing 
16,000 turns of No. 34 enameled wire. These sections also 
have an opening 3 inches in diameter to permit their being 
placed over one leg of the core. The winding is in 80 layers 
and has 200 turns to each layer. A strip of oiled paper 2 
inches wide separates each layer of wire from its neighbor 
and as the 200 turns will occupy a space of approximately 
1% inches, it is obvious that a space of 14 inch will be left as 
a margin on each side of the paper. 

The starting end of the winding of each section is sol- 
dered to a strip of thin copper ribbon which extends beyond 
the edge of the coil. The finishing end is likewise con- 
nected to a piece of ribbon which should come out on the 
opposite side to that of the starting end. The final layer 
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Figs. 2, 3 and 4.—Details of the high potential transformer 


of wire is covered with several thicknesses of the oiled paper 
to afford mechanical protection. The two sections of the 
secondary are to be wound in such manner as to permit 
the current to flow in the same direction around the core 
when the two starting ends are joined together. 


The primary and secondary are to be assembled upon 
the core as shown in the drawing and the secondary sections 
are insulated from each other and the core by discs of 
heavy fibre. The remaining core irons may then be placed 
in position and the core clamped between wooden pieces 
as the drawing indicates. Pieces of flexible wire are joined 
to the secondary leads and the entire transformer is then 
placed in position in a sheet iron container made oil tight.. - 
Wires leading from the secondary and from the primar 
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are brought to suitable terminals in the top of the trans- 
former case. The case is then filled with transformer oil 
until the transformer is well covered. It is believed that the 
drawings will make the details clear and that further de- 
scription is unnecessary. 


It is, of course, understood that the line wires supplying 
the alternating current of sixty cycles at 110 volts are con- 
nected with the primary terminals while the secondary ter. 
minals deliver a current at approximately 10,000 volts to 
the span of wires over the plants to be cultivated; that is 
to say, one secondary wire leads to the overhead wires while 
the other secondary terminal is connected with the ground. 


Actual Results Obtained.—A most interesting report on 
electroculture experiments was made recently by Mr. T. C. 
Martin at a convention of electrical men and from this 
report it may be deduced that, of all the processes by means 
of which plant life may be stimulated, the one employing 
the high frequency current as its fundamental principle is 
the most successful by far. 


The experiments mentioned by Mr. Martin were car- 
ried out at the Moraine Farm, a few miles south of Day- 
ton, Ohio, and located in the celebrated Miami River Valley. 
The experiments were promoted by F. M. Tait, formerly 
president of the National Electric Lamp Association, and 

. were in the immediate charge of Dr. Herbert G. Dorsey, 
whose work in this line has long been worthy of note. 


“In preliminary tests, according to Mr. Martin’s report,” 
says the Philadelphia Inquirer, “small plots were marked off 
for exposure to different kinds of electrification. To insure 
that the soil of one plot was not better than that of an- 
other, top earth was collected, mixed and sifted and then 
was laid to the uniform depth of seven inches over the en- 
tire area.” To quote further: 
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“In the soil of Plot No. 1 was buried a wire screen. 
Over the plot was a network of wire, stretched about 15 
inches from the ground. Connecting the network above 
the ground and the screen below were several wire an- 
tenna. The screen was connected to one terminal of a Tesla 
coil and the network to the other. A transformer stepped 
a 110-volt alternating current up to 5,000 volts, charging a 
condenser of tin-foil and glass plates, which discharged 
through a primary of the coil. About 130 watts were op- 
erated for an hour each morning and evening. 

“Plot No. 2 was illuminated by a 100-watt tungsten lamp 
with a ruby bulb. The light was turned on for three hours 
daily beginning at sundown. Plot No. 3 was illuminated 
the same way, except that a mercury vapor lamp was used. 
No. 4 had no artificial stimulation of any kind, being in- 
tended as a comparison between electrically excited plant 
growth and that of natural conditions. 

“In Plot No. 5 was buried a wire net-work connected 
to the terminal of a 110-volt direct current. The positive 
terminal was attached to a small sprinkling can with a car- 
bon electrode in its center. The can being filled, the water 
was subjected to electrolysis for several minutes. The plot 
was then sprinkled from the can, the theory being that the 
current might flow from the can, through the streams of 
water to the soil. 

“Plots Nos. 6 and 7 were sub-divided into four indi- 
vidual boxes, two feet square, separated by porcelain insula- 
tors and arranged with carbon electrodes at each end. To 
these electrodes were applied both direct and alternating 
currents. 

“After radish and lettuce seed had been planted and 
germination had begun, the various methods of electrifica- 
tion were tried with extreme care. The result of the experi- 
ments showed that the plants in Plot No. 1 grew in evey 
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instance far more rapidly than those in the other beds and 
more than double the normal growth as shown in the un- 
electrified bed.” 


The comparative results obtained with the various proc- 
esses may be noted in the table which follows, and it is in- 
teresting to observe that the high frequency current from 
the Tesla coil takes the lead from the standpoint of weight 
of the edible portion of both radishes and lettuce grown 
under its influence: i 

Plot 1 Plot2 Plot3 Plot4 Plot § 


Radishes (ten plants Telsa Ruby Mercury Nor- Elec. 
selected at random): Coil Light Vapor mal Spkg. 
Total plant weight, grams....265.70 137.80 109.50 180.00 78.50 
Edible portion, grams........ 139.50 57.40 40.90 79.40 31.00 
Edible portion, per cent...... 51.15 41.65 37.34 44.11 39.49 
Tops and leaves, grams...... 120.50 75.70 65.90 95.00 41.50 
Tops and leaves, per cent.... 43.35 54.92 60.18 52.77 55.66 
Roots, grams .............05. 9.30 4.70 3.20 5.60 6.00 
Roots, per cent............205 3.50 3.43 2.48 3.12 4.85 
Lettuce (ten plants selected at 
random) ........ee cece eeeee 67.00 52.60 56.60 46.10 31.30 
Edible portion, grams......... 60.70 57.30 50.20 41.80 28.20 
Edible portion, per cent...... 90.59 89.92 88.85 90.67 92.10 
Roots, grams ........-....05- 6.30 5.30 6.30 4.30 3.10 


Roots, per cent.............. 9.41 10.08 11.15 9.33 7.99 


CHAPTER XVI. 


HIGH FREQUENCY PLANT CULTURE 


High Frequency Cultivation—The successful genera- 
tion of an electric current at high potential and high fre- 
quency offers a problem not easy of solution, particularly 
if this current is to be put to practical use for long-con- 
tinued periods of time. While there are several methods 
of producing the current, only one will be considered here 
as the others are deemed impractical for amateur use. 

The generator to be described is designed for hard 
duty. The complete apparatus comprises a transformer, 
condenser, spark gap and an oscillation transformer. In 
the construction of the apparatus, a fairly complete electri- 
cal knowledge is essential. The high-voltage transformer 
must be carefully made and properly. insulated, while the 
accessory apparatus requires not a little mechanical skill for 
its successful completion. Once constructed, however, the 
operation of the outfit is a simple matter and quite within 
reach of the average fruit or vegetable grower. 

In order to simplify the explanation, the description of 
the transformer will be divided into sections, each bearing 
the appropriate heading. 

In accordance with the inevitable policy of this book, 
the data for transformers of various frequencies are given 
in the full-page plate appended. The description is for 
the 60-cycle instrument, and, as the construction of the 
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others is the same, a repetition would be superfluous. 

Construction of the Core—The core is composed of 
thin sheet iron or preferably silicon” steel which may be 
obtained from transformer manufacturers. The sheet metal 
is to be cut into strips according to the specifications given 
in Fig. 1. The 2 by 6 inch strips are divided into two piles 
of 130 pieces each and these strips are assembled alternately 
with the ends overlapping two inches. The 1% by 6 inch 
strips are next divided into four piles of twenty each and 
these are assembled alternately also. These packs are then 
to be placed above and below the assembled piles as shown 
in Fig. 3 to break the sharp corners. The piles are then 
wound tightly with tape and finally covered with several 
layers of press-board, preparatory to winding the primary 
and secondary. f 

Winding the Primary and Secondary.—The primary 
is wound on one leg of the core and the secondary on the 
other. The two cores are then joined in a complete mag- 
netic circuit by the end yokes as shown in Fig. 1. The 
primary winding consists of 125 turns of No. 10 D. C. C. 
copper magnet wire wound 25 turns per layer and five lay- 
ers deep. Between each two layers of wire, a turn of 
press-board should be taken. The first and last turns of 
wire are held in place with loops of strong tape placed under 
the winding and drawn tight after the turns are in place. 
No shellac or other paint is used on the winding as the 
coils are to be immersed in oil when the transformer is 
completed. 

The secondary winding is in two sections, each con- 
taining 4200 turns of No. 28 enameled magnet wire, making 
8400 turns in all. The wire is wound in layers about an 
inch wide and separated by a double thickness of oiled 
paper between each two layers of wire. The paper should 
be 1% inches wide. In Fig. 6 is shown the method of 
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Figs. 1 to 8 inclusive.—Details of the magnetic leakage transformer 


clamping the core leg in the lathe for winding. 

Before starting the winding, a strip of thin copper rib- 
bon is cemented to the insulation as shown in Fig. 7 to 
provide the connection between the two halves of the sec- 
ondary. A strip of paper is placed over the ribbon and the 
winding started after the end of the wire has been soldered 
to the ribbon. When the first section of the secondary has 
been completed, the finishing end of the wire is soldered 
to a piece of ribbon, a few turns of paper taken over the 
final layer of wire, and the core leg removed from the lathe. 
The fibre shield which separates the two secondary sec- 
tions is then slipped in place and the core replaced in the 
reverse direction; that is, the core is turned end-for-end 
in replacing it to make the blank portion of the core take 
the place of the wound section. The second half of the 
winding is then started by soldering the wire to the cop- 
per strip as before. Assuming that the lathe is turned al- 
ways in the same direction, the act of reversing the core in- 
sures that the direction of the winding shall be continuous 
in both sections, with their starting ends connected together 
by means of the copper strip. 
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Assembling and Mounting.—The secondary finished, 
the two legs containing the windings may be stood on end 
and the remaining core strips interleaved in ee to com- 
plete the magnetic circuit. 


The reader is referred to Figs. 10 snd 11, for the method 
of mounting the transformer. The core is gripped between 
clamping strips of hard wood and bolted to a base of the 
same material. The primary and secondary leads are con- 
ducted to upright pillars of hard rubber having a brass rod 
running through the centre. 
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Figs. 10 to 13 inclusive..—The transformer assembled and details of its container 
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The transformer is placed in a container of wood, lined 
with zinc as shown in Figs. 12 and 13, which give the 
proper dimensions. In the cover of the container are bored 
four holes to pass the terminal rods. 

When the transformer has been placed in the case, the 
latter is filled with transformer oil to within an inch of the 
top and the cover fastened down with screws. The addi- 
tion of substantial handles at the ends of the container com- 
pletes the work on this portion of the apparatus. 

Construction of the Condenser.—In the design of the 
condenser for our purposes, one or two primary requisites 
have constantly been borne in mind. The condenser is 
subjected to practically continuous use for several hours 
at a time and it is obviously essential that ample radiation 
surface be provided in order that the plates many remain 
cool. Coupled with this highly important point may be 
mentioned the importance of eliminating all corona or 
brush leakage around the edges of the tinfoil plates. These 
requirements are ordinarily met with in an oil immersed 
condenser, but the latter, to be efficient, should employ 
only oil as its dielectric and such a condenser presents con- 
structional difficulties not easily conquered by the amateur 
workman. As the next best solution of the problem, the 
design for a glass plate condenser of large heat-radiating 
surface and of substantial construction is offered in this 
chapter. 

For its construction the condenser will require 120 
plates of glass 8 by 10 inches of the kind used for photo- 
graphic negatives. Old plates of the latter sort may be pur- 
chased cheaply from nearly any photographer and they 
serve the purpose admirably. The first step is to remove 
the emulsion coating on each plate by soaking it in hot 
water and scraping with a putty knife. The plates are 
then to be dried thoroughly and divided into four piles of 
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Fig. 14.—The condenser complete showing method of connection 


30 plates each. The complete condenser consists of four 
units, of 30 plates each, connected in series multiple as 
shown in Fig. 14, and in order to make the description 
clearer the steps in the construction will be given for but 
one of the four units, which are alike in every particular. 

A good grade of varnish gold size is procured and 
placed on the work-table with a good soft brush about an 
inch in width. Tinfoil of the grade used by florists may be 
procured in pound packages containing four or five strips 
of foil six inches wide and perhaps 48 inches long. The 
foil is to be cut up into pieces 6 by 8 inches in size, neatly 
flattened and separated ready to be applied to the glass 
plates, which should be arranged in a pile on the table. 
A plate is removed from the pile and given a quick, thin 
coating of the varnish (which dries in twenty minutes in 
the open air) and a sheet of foil immediately laid upon it, 
care being taken to see that the foil is accurately centered 
on the plate. The foil may be forced into smooth and close 
contact with the glass with the aid of a wad of cotton 
placed within a piece of soft cloth to make a sort of pounce 
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or dauber. Starting at the center of the foil sheet and car- 
rying the rubbing process toward the edges with a circular 
motion, the workman will be able to force the foil into 
what is practically absolute contact with the glass, and 
at the same time cause the surplus of varnish to exude from 
the edges. 

The plate is then turned and coated on the other side 
in exactly the same manner; the process is repeated with 
each of the thirty plates in each of the four units until the 
120 plates have been coated. The lot may then be laid 
aside to dry in a warm room for several days. When this 
has been accomplished, each plate is to have its edges 
dipped into melted beeswax to a depth of 1% inches in 
order that the edge of the tinfoil on both sides may be 
thoroughly coated with the wax. This will quite prevent 
the corona or brush losses so frequently noted with glass 
plate condensers. 

The rack in which the plates are to be mounted may 
next claim our attention. Its construction may be noted 
in Fig. 15, which gives a perspective view of the complete 
unit. The reader will see that the support comprises a 





Fig. 15.—One section of condenser mounted in its case 
ig. 16.—Spring connector and cord for condenser 
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baseboard and cover of wood separated by two end pieces. 
The plates slide in grooves formed by 14-inch square strips 
of wood nailed to the base and cover. A bar of %-inch 
by 1 inch copper runs across from one end piece to the 
other on either side and affords a means of connecting the 
many plates in multiple. This connection is accomplished 
by means of the special contact leads shown in Fig. 16, 
These leads are merely pieces of lamp cord tipped at one 
end with a lug and at the other with a contact made from 
a piece of spring brass ribbon bent into the shape shown 
in the drawing. The object of the contact is to establish 
connection between both plates of tinfoil when the spring 
is inserted. 

In making the connections to the bars on either side, 
the contacts are alternated in order that the plates may all 
be in multiple. That is, referring to Fig. 15, in starting to in- 
sert the contacts, on the one side the first contact spring 
is inserted between the first and second plate; on the other 
side the contact would be between the second and third; 
returning to the nearer side, the second contact is inserted 
between the third and fourth plates, and so on until all 
have been put in place. The contact with the first and last 
coatings are of course made by inserting the clip between 
the tinfoil and the wooden end piece, placing a small sheet 
of glass between the spring and the wood to prevent the 
metal coming into contact with the wood. 

When the four units have been made as described, 
they are to be connected up as shown in Fig. 14, the connecting 
leads being strips of copper ribbon. The setting up will re- 
ceive due attention when the rest of the apparatus has been 
described. 

Construction of the Spark Gap.—Perhaps no one por- 
tion of the high frequency apparatus is more likely to give - 
trouble and to require frequent attention than is the spark 
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Fig. 17.—Self-cooling spark gap 
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gap across which the condenser discharges. The discharge 
is accompanied by heating effects which are in themselves 
troublesome, and while the ordinary stationary form of 
gap may give satisfactory service for a time at least, still 
its successful operation is hindered as the sparking sur- 
faces become heated and pitted. The gap to be described 
has proved its value in actual practice and, while it may 
appear to be unnecessarily complex in design, still the many 
points of advantage are only brought out through the con- 
struction of a substantial and more or less massive affair. 

With reference to the side elevation and plan views 
in Fig. 17, the gap consists of two 8-inch discs of zinc ar- 
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Fig. 18.—Details of the spark gap 





ranged to rotate in opposite directions at a fairly rapid 
rate of speed. The rotation serves the double purpose of 
always presenting a fresh sparking surface, and therefore 
a cool one, to the point of discharge, and in establishing a 
strong current of air directly upward and between the 
sparking surfaces, due to the surface friction of the periph- 
ery of the discs. The effect of this current of air is to as- 
sist in the wiping out of any arc which may form during the 
discharge. 

The discs are mounted upon a substantial framework 
and base of dry wood which has been painted with or pref- 
erably boiled in paraffin wax. The discs are mounted upon 
shafts of 14-inch steel and secured to the latter by means 
of brass bosses turned up and drilled to a snug fit on the 
shaft. When the final assembling has been done the bosses 
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are pinned to the shaft and to the disc, thus insuring the 
permanency of the construction. The final operation is 
to take a finishing cut off the periphery of each disc with 
the shaft held between centers in the lathe. 

The details of the bearings are given in the enlarged 
drawings, Fig. 18. The reader will note that the bearing 
proper is a journal of brass tubing reamed to fit the shaft 
nicely. The bearing support is a casting with a hole cored 
through it to take the journal. Slots in the feet of the 
bearings permit the distance between the discs to be varied. 

When the various parts have been finished, the bear- 
ings are located on the framework as shown in the plan 
drawing and the journals slipped over the shafts. A piece 
of cardboard is then forced over each end of each journal 
after the latter has been propped up inside the bearing 
with bits of wood. Melted lead is then poured into the 
opening at the top of the bearing and when cold it will 
hold the journals in perfect alignment with the shaft. The 
-bearings may then be removed and a small hole drilled 
down through the lead and brass to afford a passage for 
oil to the shaft. The addition of an oil cup stuffed with 
a wick completes the bearings, which may be replaced on 
the frame. 

The shafts are belted together with rubber belting 
crossed to make the discs turn in opposite directions. The 
driving is accomplished by means of an electric motor 
belted to a pulley on one shaft. 

' The current is conducted to the discs through wire or 
gauze brushes bearing upon the smooth bosses, as shown 
in the plan view in Fig. 17. The details of the brush holder 
are to be seen in Fig. 18. 

The discs should rotate freely and quietly when the 
motor is started. If the oil cups are properly fitted, the 
gap should be capable of an all-day run without trouble 


HIGH FREQUENCY PLANT CULTURE 165 


developing. The adjustment of the gap will be considered 
in due time, when the instructions are given for the oper- 
ation of the completed apparatus. 

The Oscillation Transformer.—The reader has been told 
of the construction of the transformer which steps the com- 
mercial lighting current up to a potential of several thou- 
sand volts, the condenser which stores up this high volt- 
age, and the spark gap or discharger across which leaps the 
stored-up current in the condenser. The discharge of the 
condenser across the gap sets up electric oscillations or, as 
= itis termed, a high frequency current. In order that this 
‘current may be rendered suitable for the purposes of 
electro-culture, however, its potential must be raised to a 
very much higher degree and the object will be to explain 
the construction of the special type of transformer or coil 
employed in the process of stepping up the already high 
potential, high frequency current. 

The high frequency transformer differs from the type 
used for the conversion of low frequency or commercial 
currents in that it has no core of iron and the turns in its 
primary and secondary are numbered in tens and hundreds, 
respectively, instead of in hundreds and thousands, as is 
the case with the transformer used for lighting and, power 
work. Furthermore, on account of the extremely high 
potentials induced in the oscillation transformer, the in- 
sulation problem must be treated in a somewhat radical 
manner. This problem is not, however, so difficult of solu- 

tion as it might seem. The coil may be of generous pro- 
portions, since close coupling of the primary and secondary 
winding is not essential, and the permissible air space af- 
fords a most effective insulator. While the efficiency of 
-oil insulation in cases similar to the present one is not 
questioned for one moment, still the air insulation, if prop- 
erly catried out, offers exceptional advantages over all 
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Fig. 19.—The oscillation transformer complete 


other forms wherein the windings are hidden from view 
and are inaccessible. The latter method has accordingly 
been selected. 

The transformer consists essentially of a primary wind- 
ing of eight turns of copper strip placed at the base of a 
cylinder around which is wound the secondary of 300 turns 
of No. 30 D. C. C. copper magnet wire in a single layer. 
The starting point of the primary, as well as that of the 
secondary, is connected to a stud of metal which passes 
through the base of the instrument for ground connection. 
The primary of the coil is connected in the circuit of the 
condenser and spark gap in order that the oscillations may 
pass through the copper strip and thus induce a high fre- 
quency current of higher voltage in the secondary winding. 
The general appearance of the completed coil is shown in 
the illustrations, Fig. 19, and in Fig. 20 the reader will find 
details of the parts from which it is constructed, together 
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with the dimensions of the various pieces. 

The secondary cylinder is of cardboard and made ex- 
pressly for the purpose. In designing the coil, the writer 
has purposely chosen, wherever practicable, dimensions 
which correspond with the standard sizes of the parts now 
obtainable through electrical manufacturers. Accordingly, 
the cylinder has been made eight inches in diameter and 
13 inches long. The wall is about one fourth inch thick. 
Into each end of the cardboard cylinder is fitted tightly a 
head turned up from whitewood and soaked for an hour 
in melted paraffin. The heads are drilled for the terminal 
post and the brass stud, respectively. The details of the 
terminal are given in Fig. 20 but the stud has been omitted, 
since its construction is obvious. The next operation is to 
treat the cardboard cylinder to three coats of shellac, mak- 
ing certain that each coat is bone-dry before applying the 
next and baking the cylinder after each coat in a 
moderately warm oven. 
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Fig. 20.—Details of the oscillation transformer 
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With the third coat of shellac quite dry, the cylinder 
may be mounted in the lathe between centers, a slender 
screw driven into the wooden head and catching a slot in 
the faceplate to afford a means of driving. The lathe 
should then be speeded up and the surface of the cylinder 
carefully gone over with the finest sandpaper to remove 
the inevitable irregularities caused by particles of dust and 
dirt. On no account must emery paper or cloth be used 
and the lathe bed must be scrupulously clean while the 
cylinder is being handled, as the least trace of metal chip 
or dust under the winding would be fatal to good results. 


The surface of the cylinder having been carefully 
smoothed over, the lathe may be prepared for the wind- 
ing. The gears are set to cut 24 threads per inch and the 
winding of No. 30 D. C. C. wire is started one-fourth inch 
from the end. In starting, the wire should be passed 
through a small hole in the cylinder and the hole im- 
mediately plugged with a bit of wood covered with wet 
shellac. This will prevent the winding from coming loose 
during subsequent handling. The lathe should be turned 
slowly and backward, and the wire fed through a guide 
held in the tool post. When the finishing turn, the 300th, 
is in place, the final end of wire may be passed through 
the cylinder and secured as was the starting end. 

While the coil is still in the lathe, the winding should 
be coated with shellac applied in a thick solution and with 
a soft brush, the greatest of care being taken to see that 
the fluid soaks well into the turns and between them and 
also that no air bubbles or particles of dirt are permitted to 
remain. When the first coat has dried for an hour or 
more, the cylinder may be carefully removed and placed 
in the oven, wherein the temperature should not be over 
150 degrees F. The baking may continue for a few hours 
and the second coat applied after the coil has been put 
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back in the lathe. The builder is strongly advised to do 
all of the painting in the lathe, as the examination and 
turning of the cylinder is greatly facilitated thereby. The 
third coat may be the final one and it should be dried as 
thoroughly as the first, and second. 

The secondary finished, the wooden heads may be re- 
moved and connection made with the terminal and base 
studs. This is easily accomplished if the ends of the wire 
are left long and passed through the holes in the heads 
with the studs fitting loosely. When the heads are re- 
placed, the wires may be drawn taut and the nuts of the 
studs turned up to grip the bare wire. The heads may 
then be secured in place by plugging with wood dipped in 
shellac, the small holes drilled around both top and bot- 
tom of the cylinder. 

The base of the instrument is simple in construction, 
as is readily seen in the drawing. The method of support- 
ing the primary strip, as well as the nature of the latter, 
will, however, bear some explanation. The copper strip is 
one-half inch wide and one-sixteenth inch thick and is 
wound edgewise into a helix having an internal diameter 
of 1034 inches. This helix material is also to be obtained 
in the size given and it can be purchased far more cheaply 
than it can be formed up by the amateur workman unless 
he has the necessary equipment for the bending operation. 
As this device is quite complicated, the space necessary for 
its description will not be taken here. The problem is to 
bend the-thin strip edgewise and prevent it from buckling. 

Assuming that the builder has procured the helix 
material, eight complete turns of which are required, the at- 
tention may be directed to the posts which support the 
helix on the base and at the lower end of the secondary 
cylinder. From the detailed drawing in Fig. 20 the reader 
will note that four posts of black fibre rod, 234 inches high s 
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and one inch in diameter, are given a series of saw cuts to 
a depth of three-eighth inch. Eight cuts will be required 
in each post to take the eight turns of primary strip. The 
cuts may be made with two blades of a hacksaw placed 
side by side to give the required thickness or, what is by 
far the better method, the cuts may be taken in a milling 
machine if one is available. The posts are located on the 
base-board and secured with short machine screws tapped 
into the fibre. Care should be taken to see that the screws 
do not pass into the posts beyond the bottom turn of the 
primary. 

The assembly of the parts is clearly shown in Fig. 21 
and it is believed that no further comment is necessary 
other than to say that the bottom turn of the primary is 
connected with the ground stud, as shown in the diagram 
of connections. 

Installation of the Apparatus.—We have seen how the 
various instruments comprising the high frequency current 
generator are built in order that we may have available a 
steady supply of high potential current, oscillating at a fre- 
quency of approximately 100,000 cycles per second. It is this 
high potential, high frequency current that we shall employ 
in the electrification of our plot of ground, and the object of 
the present article is to point out how the various instru- 
ments of the outfit are connected and combined to produce 
the current. 

The entire outfit should be housed in a perfectly 
weather-tight shed. The construction of the building may 
be comparatively crude, if the precaution is taken to care- 
fully seal all cracks: and crevices, not only in the walls, but 
around the door as well. In rainy weather, or even when 
the humidity of the air is high, the inside of the shed 
should be kept dry and warm by means of a small oil stove. 
Dampness is positively fatal to the successful operation of 
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.—The apparatus assembled in the transformer house 


Fig. 21 
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the apparatus if it is permitted to strike in for any length 
of time. 

The shed should contain a substantial wooden table 
along the rear wall facing the door, and upon this table the 
apparatus is arranged in the order shown in Fig. 21. 

The floor of the shed should be at least one foot 
above ground and an open air space should be left beneath 
in order to frustrate dampness so far as is possible. A 
simple and good construction is to build the shed around 
four substantial corner posts, starting the walls a foot above 
the ground. The roof should have a generous slant to shed 
the rain. 

With reference to the first drawing, the apparatus is 
arranged in the following order, left to right: Transformer, 
spark gap, condenser and oscillation transformer. Upon 
the wall to the left is secured the main switch, which 
should incorporate a cut-out fitted with 15 ampere plug 
fuses. To this switch from the outside of the shed, lead the 
line wires, which are to be supplied with a 110-volt, 60- 
cycle alternating current, preferably from the local central 
station. 

Beside the main switch, the switch for the spark gap 
motor should be located. The primary terminals of the 
transformer are to be connected with the main switch, as 
shown in the wiring diagram below, which also shows the 
connections for the remainder of the apparatus. From the 
secondary terminals of the transformer pieces of No. 14 
rubber-covered wire lead to the terminals of the spark gap. 
From one terminal of the spark gap a piece of stranded 
cable, composed of 100 strands of about No. 24 insulated 
magnet wire, runs to one terminal of the condenser. From 
the other terminal of the condenser, a piece of the stranded 
cable leads to the movable clip on the primary of the 
oscillation transformer. The second terminal of the spark 
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Fig. 22.—Diagram of connections for the apparatus 


gap is connected by cable to the ground connection of the 
oscillation transformer and this in turn to a series of wires 
buried in the ground beneath the plot to be cultivated. 

The high-potential, high-frequency terminal of the 
oscillation transformer connects with a piece of light cop- 
per rod, which extends upward and out of the side of the 
building, through a hole cut in the center of a pane of 
glass. This glass window should be at least 18 inches 
square and shaded on the outside of the building with a 
contrivance resembling an awning, in order that the surface 
of the glass may be kept as nearly dry as possible in wet 
weather. ‘Lhe copper rod passing through the glass is 
tipped with a connector to which the overhead wires of the 
plot are secured. 

Wiring the Plot.—The high frequency current produced 
by the apparatus described is administered to the plot of 
ground under cultivation through the agency of an over- 
head network of copper wires and a ground connection con- 
sisting of strands of wire buried in the earth of the plot. 
The transformer house is preferably located at one end of 
the plot in order that the high-frequency current may be 
carried to the area under cultivation by the shortest pos- 
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sible route. This is highly desirable, as an appreciable loss 
would be sustained in a long transmission line. 


The equipment recently described is of sufficient power 
to cultivate a plot of ground embracing 5,000 square feet, 
and, in the case under the writer’s observation, the plot 
measured 50 feet in width by 100 feet in length. The 
ground wires, three in number, were run the entire length 
of the plot and spaced ten feet apart. Crossing these wires 
at ten-foot intervals were ten bridging wires arranged as 
shown in the illustration and soldered at each joint. In 
all cases the wire was of No. 16 bare copper. At the end 
of the plot nearest the transformer house, the ground wires 
were brought together in a rat-tail and connected with the 
ground lead of the apparatus. 

The overhead network presents a more difficult 
problem. In the experimental plot ten wires spaced five 
feet apart ran the entire length of the plot and were sup- 
ported at either end upon high-tension insulators held by 
posts which were of such a height that they suspended the 
wires seven feet above ground. At twenty-foot intervals on 
either side of the plot, additional posts were located and 
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cross wires between each two of these posts completed the 
network and at the same time relieved the strain upon the 
slender wires running the length of the plot. As in the 
case of the ground network, all joints were soldered. The 
overhead connection is in the nature of a continuation of 
each of the long wires to form a rat-tail, grouping all of 
the wires where they are connected with the high-tension 
lead passing through the glass window of the transformer 
house. 

The insulators on the posts may be of the conventional 
glass high-tension type or they may be cobbled up by 
grouping a series of porcelain cleats as suggested in the 
appended illustration. The best of insulation is none too 
good, particularly in damp weather, as the high-tension 
current leaks badly in its effort to find its way to the 
ground, 

The actual time of treatment will naturally rest with 
the individual investigator. From one to four hours, both 
night and morning, is a fair dosage, and noteworthy results 
have been obtained with this average treatment. The plants 
or vegetables under cultivation should be planted in 
duplicate in a neighboring bed in order that comparisons 
may be made at frequent intervals. In order to put the 
experiments on a practical footing, the notes taken during 
treatment and subsequently should include data on the 
weight, amount of foliage, percentage of edible portion, 
quality of the latter, time required to bring plants to 
maturity, etc. These notes will be useful not only to the 
individual investigator, but to the world at large. 


CHAPTER XVII. 


A FOREWORD ON THE CONSTRUCTION OF ELEC- 
TRICAL APPARATUS FOR THE STAGE 


In this chapter, the aim will be to present comprehen- 
sive directions covering the design and construction of 
the apparatus used in an elaborate electrical act suitable 
for the vaudeville stage. While many so-called electrical 
acts are already in the field, the effects produced are com- 
paratively insignificant when one stops to consider the pos- 
sibilities in this form of entertainment. No doubt most 
readers have seen the offerings referred to and the “stunt” 
of taking several thousand volts of electricity through the 
human body is by no means a new one at the present day. 
However, it is thought that the equipment to be described 
will offer many opportunities for the enlargement of the 
previously attempted exhibitions of the wonders of elec- 
tricity with the result that the production, from a theat- 
rical standpoint, will be sensational. 

In this apparatus, the high-frequency current plays a 
very important part; indeed, many of the experiments are 
wholly dependent upon this form of current for their pre- 
sentation. Therefore, it is thought advisable briefly to re- 
iterate the nature of this current and its physiological ef- 
fects upon the human body. It was discovered many years 
ago that if an alternating current of electricity be caused 
to oscillate with sufficient frequency, that is, to change its 
direction of flow a suffi¢jent number of times per second, its 
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muscular contractive effects upon the body would be les- 
sened to a considerable degree. The commercial alternating 
lighting current which has a frequency of 60 or perhaps 
125 cycles per second, is fatal to a human being if applied 
in sufficient quantities. Available data discloses that volt- 
ages of from 200 to 500 are dangerous and in some cases 
fatal where the frequency is of the commercial order. If, . 
however, the frequency is increased to 10,000 cycles and 
upward per second, it has been found that several thousand . 
volts may be taken through the body with comparatively 
little discomfort. A further increase to 100,000 cycles and 
over renders the current practically painless. The possi- 
bility of using this peculiar form of current in the production 
of unusual effects will therefore be appreciated. 

Points to Consider.—Before starting work on any of the 
apparatus, the reader had best satisfy himself in his own 
mind just what feature of entertainment work he desires 
to take up. This section deals with the construction of 
practically every useful form of high frequency apparatus 
designed especially for theatrical demonstration. The as- 
sembly of the entire lot of apparatus as described would 
entail a considerable expenditure of time and money and 
there are cases where this outlay is scarcely justified. For 
instance, the platform lecturer would scarcely care to 
burden himself with the costly and cumbersome equipment 
so essential to the performer on the stage. For the benefit 
of readers to whom this elaborate equipment does not ap- 
peal, a summary of the various types of outfits will be made 
in order that the worker may make an intelligent selection 
whether he be a modest “suit-case” lecturer or vaudeville 
performer, a parlor entertainer, or a theatrical producer of 
the most extravagant type. 

The one big feature of any electrical offering is the high 
frequency work. This fact is admitted by dozens of per- 
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formers and lecturers alike. The very idea of “taking thou- 
sands of volts” of electricity through the body and still liv- 
ing to do it over again, is theatrical in the extreme, and 
it is no wonder that so many so-called electrical kings have 
separated a gullible public from their dollars for years on 
the sole claim that a supernatural or other unusual power 
made it possible for them to take current at this enormous 
voltage through their bodies. The high frequency coil 
may, therefore, be regarded as the one essential part of 
the outfit, and the other instruments in the light of ac- 
cessories. 

Weight and Cost of Apparatus.—The largest apparatus 
described in this section will deliver sparks several feet 
in length. That this is spectacular and impressive, no one 
will gainsay, but the outfit weights hundreds of pounds and 
requires for its operation several kilowatts of electrical 
energy. The utter uselessness of such apparatus, in the case 
of the lecturer, is at once apparent. Far better is it for 
him to make or purchase a small coil capable of giving.an 
eight or a ten inch spark and taking its current from the 
nearest lamp socket. Furthermore, the large apparatus re- 
quires for its operation an alternating current, and this is 
not always obtainable. The only practical alternative is a 
rotary converter of motor-generator set, which, in this large 
size, is very heavy and costly. 

The small coil, on the other hand, may be built on 
the “kicking coil” principle, described in an earlier chapter, 
and in such event its operation is satisfactory on either 
direct or alternating current through the change of a simple 
connection. 

The question of the high frequency outfit therefore 
resolves itself into one of whether the performance is to 
be given in a chain of small lecture halls or good-sized 
theatres. In the former case the small portable outfit 
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is ample and certainly far more useful, while the latter use 
would justify the best aggregation of paraphernalia the 
capital of the owner would command. The salaries of fea- 
ture vaudeville acts are, as a rule, commensurate with the 
pulling power and therefore the attractiveness of the act 
itself. Recognizing this, it is certainly wise to put forward 
every effort in an endeavor to make the true vaudeville act 
as big, as spectacular, and, to sum it up, as impressive as 
may be possible. The results justify the expenditure. 

In the construction of the apparatus the average reader 
is face to face with a problem. The manufacturer of stand- 
ard apparatus will not even quote on this special material; 
the model shop wherein inventions are developed is too 
thorough and expensive; the average electrician knows 
nothing whatsoever about the apparatus in question; the 
typical machinist is worse than useless where complete 
assembly is concerned, as he is either too “rule of thumb” 
or too literal. The reader will wonder what he is to do. 

The Home Workshop.—The answer is to build a home 
workshop. It is cheaper in the beginning and in the end, 
and if the apparatus is worth having and building, it is 
deserving of a proper birth place. The tools required may 
be purchased for perhaps a quarter of the sum demanded by 
the combined carpenters, machinists, electricians and the 
rest of the vast army of mechanics, each one of whom does 
not know just what is desired, but is certain that he is 
capable of building it just the same. 

The construction is best done in a spacious room wherein 
the apparatus can also be set up and tested, and the act 
rehearsed. This means, of course, the installation of elec- 
tric service. The room should have plenty of open floor 
space rather than spacious work benches, although these 
are quite as essential within reason. The tool equipment 
may consist of a fairly complete set of wood-working tools 
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and bench, an engine lathe of light construction but of — 
large capacity as regards swing, a small drill press and 
complete set of metal tools, such as pliers, hacksaw and files. 
‘With such an equipment the handy man—and it is as- 
sumed that the would-be entertainer is a handy man or he 
_ had better not start on the road with his outfit—may con- 
struct the entire set of apparatus with the assistance of 
a bright boy or even girl if she be mechanically inclined. 
And after the apparatus has been built by the man who 
intends to use it, who can gainsay the fact that he, better 
than anyone else, is prepared to take care of it and repair 
it if necessary? If some of the more intricate machine 
work, of which there is little, is beyond the capabilities of the 
amateur, then let him go to the regulation shop and have 
just that part finished up to drawings. 


Working Drawings.—The question of drawings brings 
us to a point of vital importance. Before a stroke of work 
is done on the apparatus, each and every part should be 
depicted in a large drawing and all dimensions checked to 
determine their accuracy. The space available in this book 
has not rendered it possible to cover this detail with all 
thoroughness, but the individual worker should develop 
his design from the suggestions given, making his draw- 
ings complete in order that he may fully understand the 
construction of the various parts. For the convenience 
of those who do not feel capable of developing these draw- 
ings, the author has prepared a set of detailed blueprints 
showing the construction of the appstatils as a supplement 
to the book.* 


In no sense is the work of building the apparatus diffi- 
cult and neither does it require the services of skilled labor. 
The ability to use tools in an intelligent manner and, what 
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is far more important, a fairly intimate knowledge of the 
apparatus being built, may be said-to constitute the quali- 
fications for success. In order that the latter qualification 
may be obtained, it is suggested that the prospective builder 
diligently consult every book pertaining to the subject that 
he can lay his hands on. These books may be numbered 
on the fingers of one hand, and when one has assimilated 
their entire contents, there is still a good deal to learn on 
the subject. But every iota of knowledge helps, particu- 
larly in the theoretical end, which does not necessarily 
mean the mathematical end. Probably the less mathematics 
the practical builder tampers with, the better he will be 
off, for the actual design of the apparatus has been spared 
him. What he needs is a good, sound knowledge of the 
characteristics of the high frequency current, and this may 
be quite readily obtained from a few good books. With 
knowledge and a fair equipment of tools, let him start in 
with what will probably prove to be the most interesting 
and fascinating work he has ever attempted. 


CHAPTER XVIII. 


THE CONSTRUCTION OF LARGE APPARATUS. 


The construction of a high frequency transformer cap- 
able of throwing a five-foot spark will be considered first 
of all, for this piece of apparatus is probably the chef d’oeuvre 
of the assembly. 

The transformer consists essentially of a primary coil 
B, Fig. 1, of nine turns of heavy copper ribbon 2 inches 
wide and wound in the form of a spiral; a secondary coil of 
600 turns of copper wire wound upon a wooden cylinder, S, 
Fig. 1; and a suitable means for holding the primary and 
secondary in their proper relation to each other. 

The secondary cylinder presents the greatest construc- 
tiondi problem for the amateur workman and it is suggested 
that this be made at the mill unless the workman is equipped 
with a large speed lathe. The cylinder is built up of seg- 
ments of whitewood, tapered to fit around the periphery 
of three wooden discs, one at each end and one in the 
center. The entire cylinder must be assembled without 
the aid of nails or metal of any kind and the best course 
to follow is to glue the slats or segments in place and 
further to secure them with wooden pins covered with 
glue and driven into holes drilled into the wood. The 
cylinder is 50 inches long and 20 inches in diameter. After 
the assembly is completed, the surface should be turned 
off in the lathe and given two coats of a black vegetable 
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dye. All paints containing lead and carbon must be shunned 
in the treatment of this apparatus or electrical “leaks” 
will be developed. There are several good black dyes on 
the market soluble in water or alcohol and any one of these 
may be used with impunity. After the surface of the cylin- 
der is blackened and thoroughly dried, it may be given a 
coat of shellac, when it is ready for winding. 

The winding is best done in a screw-cutting lathe as 
the turns are to be evenly spaced 12 to the inch. If the 
lathe is not available, an improvised winding machine may 
be constructed with the aid of two bearings to support 
the cylinder and a length of rod threaded 12 to the inch 
arranged to turn with the cylinder and to carry a guide 
for the wire as it is wound. The winding is of No. 22 
D.C.C. magnet wire and the first turn is started 1 inch from 
one end of the cylinder. From this point it continues to 
within a like distance of the opposite end. A band of 
34-inch copper ribbon is then placed around the remaining 
space at either end and the starting and finishing ends of 
the winding are soldered to the bands. The latter should 
not completely encircle the cylinder but a gap of %4 inch 
should be left where the ends meet. The winding is to be 
given four coats of shellac, each coat being permitted to 
dry thoroughly before applying the next. 

A brass bushing, having in it a hole tapped 34-18, is to be 
firmly secured in each head of the cylinder and connection 
made from the copper bands to the bushings. 

Wooden discs, 21 inches in diameter, are to be fitted 
to the ends of the secondary cylinder in order to give it a 
finished appearance. Holes are bored through the centers 
of the discs, of course, to permit access to the bushings 
within. 

The secondary cylinder is surmounted by a discharger 
composed of a brass ball mounted on the end of a rod 
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Fig. 1.—The oscillation transformer complete 


186 HIGH FREQUENCY APPARATUS 


which makes contact with the brass hushing in the top of the 
cylinder. A wooden cone is turned up in imitation of a 
high tension insulator and the rod carrying the ball runs 
through the center of this cone. 

The construction of the primary coil and base will be 
understood on, reference to Fig. 2, which gives a plan view 
looking down on the primary from the top and also a side 
elevation of the lower portion of the complete transformer 
in cross section. It will be noted that the primary is com- 
posed of nine turns of heavy copper ribbon two inches 
wide and wound in the form of a true spiral. The ribbon 
is wound into its finished form with a double thickness of 
7s inch rubber belting between turns. It is taped at three 
or four places to hold it in place temporarily while the sup- 
ports are being constructed. 

The object of elevating the primary coil is to provide 
means of access to the under side in order that connection 
may be made with any desired turn. The coil is gripped 
between pieces of fibre bar A which are held in place by 
fibre bolts B and the whole is supported on the elevating posts 
C of fibre. 

The base is of wood and it should be mounted upon 
four glass or porcelain insulators. The finish of the base 
is preferably of the same color as that used on the sec- 
ondary cylinder; the black vegetable dye provides a finish 
that is rich and pleasing in appearance and at the same time 
rather unusual. If the copper primary ribbon is highly 
polished and lacquered, a pleasing contrast will result. 

A square wooden box is mounted upon the base and 
in its top is a short bolt threaded to enter the hole in the 
brass bushing in the lower end of the secondary cylinder. 
A strip of copper ribbon makes connection between. the 
bolt and the inside turn of the primary spiral. 

Connection between the primary and the balance of the 
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Fig. 2.—Section through base of oscillation transformer and plan view of primary r 
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Fig. 3.—Clip which makes connection with primary turns 


circuit is established by means of special flexible cables 
which are made by binding 100 strands of No. 32 S.C.C. 
magnet wire with cotton tape. Each of the two cables 
should be about 5 feet long and tipped on. each end with 
a special lug or connector. The construction of the con- 
nector or clip which makes contact with the primary rib- 
bon is clearly shown in Fig. 3. The clip is made by cutting 
a slit in the end of a piece of hard brass rod % inch in 
diameter by means of a thin hacksaw. The blades are ren- 
dered more springy by cutting away a portion of the metal 
from the back of each and a hole is drilled into the shank of 
the clip to admit the wire of the cable. Each strand of 
the latter is carefully cleaned of its insulation for a dis- 
tance of % inch and the bare ends of the wire are then 
twisted together after having been well coated with a good 
soldering paste. The clip is held in a pair of pliers and care- 
fully heated over a Bunsen flame until the solder melts 
within the hole, after which the cable end is carefully in- 
serted and sweated in the clip. The wire, where it enters 
the clip, is tightly bound with thread until it is equal in 
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diameter to the shank of the clip. A piece of fibre tubing, 
making a tight fit over the shank, is then forced on and 
extended over the binding of the wire. This serves as a 
protection for the cable where it is joined to the connector 
and provides a suitable handle as well. 


In Fig. 4 is given a diagram of the connections of the 
complete transformer and the reader will note that the 
connection to the primary spiral is variable over quite a 
wide range. In operating the transformer, it is necessary to 
make various trials in order that the correct number of 
turns to produce resonance may be determined. The point 
at which the secondary coil makes contact with the inside 
turn of the primary should always be grounded on the 
nearest water pipe. This will not only safeguard the per- 





Fig. 4.—Diagram of connections for the oscillation transformer Eai 
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Fig. 5.—Details of the core with dimensions 


former from the liability of dangerous shock but it will 
prevent high tension surges of current from striking back 
through the remainder of the apparatus with disastrous 
results. 

The Transformer.—The transformer required for the 
operation of the coil described may be rated at approxi- 
mately 4 kw. It may appear to some engineers that the 
instrument is somewhat overrated, but in view of the fact 
that it is in use for periods of less than 20 minutes at a 
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time it is believed that no difficulty will be experienced. 


The core is built up of sheets of silicon steel .017 inch 
thickness and cut to the sizes shown in Fig. 5. Reference 
to this drawing will disclose the fact that 448 pieces of 
each of the two sizes will be required. It is suggested 
that this steel be purchased from some transformer manu- 
facturer already cut to size, as it is practically impossible 
to buy silicon steel in such a small quantity in the open 
market. Assuming that the steel has been obtained, the legs 
A and E of the core may be assembled by placing the pieces 
alternately first to the right and then to the left, show- 
ing a 3-inch overlap as indicated in Fig. 6. Each pile will 

_ have assumed a thickness of approximately 4 inches at this 
time and the pack should be tightly compressed in a vise 
and bound with friction tape. The pieces forming the leg 
B may then be inserted one at a time to form the connect- 
ing yoke. This is rather a tedious process, but it offers 
the only practicable method of making a joint that is both 
mechanically strong and good from a magnetic standpoint. 


e JP; 





Fig. 6.—Short leg of core on which winding is placed - 1 
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The core may then be set aside to await the primary and 
secondary windings before having its magnetic circuit com- 
pleted with the remaining sheet iron strips D. : 


For winding the secondary, a form of square cross sec- 
tion similar to that shown in Fig. 7 should be employed. 
This form may be of wood and solid in construction. The 
corners should be slightly rounded. The dimensions are 
given in the drawing. After the form has been mounted 
in the lathe between a spur-chuck and a center, it should 
be covered with a winding of a single layer of cord. Over 
the cord is placed a ṣẹ inch thickness of oiled paper, then 
a layer of yg inch flexible mica and finally 4 or 5 additional 
thicknesses of paper. Each layer of this insulation should 
be tightly secured with thick shellac in order to make a 
solid core or base upon which to place the secondary wind- 
ing. The latter is done in two sections, wound in opposite 
directions and having their inside ends joined together. 
This end is attained by first winding one section and then 
reversing the secondary core upon the form and starting 
the remaining half of the winding by joining the wire from 
the spool to the starting end of the first section. 


It will be noted that the two sections of the winding 
are divided by an insulating shield of mica which is cut 
to fit over the core and placed in position when the first 
section has been completed. The starting and finishing 
ends of the winding are soldered to pieces of thin copper 
ribbon about % inch wide. After both sections have been 
completed the finishing layer in each should be covered with 
oiled paper to a thickness of 3% inch. 


The secondary winding consists of 3,525 turns of No. 25 
enameled wire wound 75 turns per layer and 41 layers 
deep in each half of the secondary winding. Each layer 
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Fig. 7.—Details of secondary winding showing wooden block or form upon which 
the wire is wound 


of wire is separated from its neighbor by two layers of 
oiled paper which should be purchased in the form of a 
roll of paper tape two inches in width. As No. 25 wire 
winds 51 turns per inch it is obvious that there will be a 
margin of about % inch along either side of the layer of 
wire. 

The finished secondary is given a coat of armalac and 
the edges of the paper layers are liberally plastered with 
the compound in order that moisture may be prevented 
from entering. After the composition has dried, the sec- 
ondary may be placed in Position on one of the shorter legs 
of the core. 

The primary is composed of 100 turns in all of double 
cotton covered wire. The first 70 turns to be wound should 
be of two No. 8 wires wound in parallel and the remaining 
30 turns should be of a single No. 7 wire. Taps of heavy 
copper ribbon are to be brought out at 70, 80, and 90 turns 
in order that four variations of power may be available. 
The primary may be wound on the same form as the sec- 
ondary and the insulating core on which it is wound should 
be built up similar to that on which the secondary was 
wound. The cord is wound upon the form in order that 
the coils may be removed without difficulty merely by 
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withdrawing the cord. Short lengths of No. 8 stranded 
conductor are soldered to the primary taps to establish con- 
nection with a regulating switch. The primary may then be 
placed on the remaining leg of the core and the end pieces 
interleaved to complete the magnetic circuit. 

The entire transformer may then be mounted in a suit- 
able case of wood as shown in Fig. 8. Wooden blocks placed’ 
above and below the core serve to hold the transformer 
securely in position and the case is supplied with handles 
as shown in the drawing to facilitate carrying. The primary 
and secondary terminals should be mounted inside the 
cover in order that the working parts of the instrument 
may be entirely enclosed and thus protected from injury 
in shipment. If the case is substantially made it will serve 
as a shipping crate of convenient and effective design. 

The secondary wires are brought to suitable terminals 
mounted on pillars of fibre inside the box while the primary 
terminals are brought to the contacts of a regulating switch 
likewise mounted on the wall of the case. The winding 





Fig. 8.—Case or container for the transformer 
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of the transformer is so designed that a consumption of cur- 
rent varying from 2 to 4 k.w. may be obtained. 

The Spark Gap.—The apparatus previously described 
is designed for use with a rotary spark gap. Reference to 
Fig. 9 will disclose the fact that the spark gap is of simple 
construction and that it consists essentially of a disc of 
-inch aluminum, carrying 12 discharge points or studs 
of nickel steel, mounted upon the shaft of a small alternat- 
ing current motor and surrounded by a housing of wood 
which serves the double purpose of a muffler to deaden the 
noise of the spark discharge and a support to carry the 
stationary electrodes E in Fig. 9. This drawing represents 
a side elevation of the complete gap shown partly in cross 
section in order that the relative positions of motor, rotary 
disc and stationary electrodes may be shown. Fig. 10 shows 
an end elevation of the gap housing and it also serves to in- 
dicate the position of the stationary electrodes. 

Attention should first be directed to the rotor of 
the gap. This should be laid out on a piece of 14-inch 
sheet aluminum rather more than 10 inches square. 
After finding the center, a circle with a diameter of 
10 inches is inscribed upon the aluminum and then a 
9-inch diameter circle is laid out and finally one of 3-inch 
. diameter. The sheet of aluminum is then mounted upon 
a wooden faceplate in the lathe and a cut taken quite 
through the metal on the line of the smallest circle, thus 
leaving an opening 3 inches in diameter when the disc of 
metal is removed. A similar cut is taken on the largest 
circle resulting in the rotor disc which is now ready to be 
mounted upon the insulating hub of fibre, indicated at C, 
in Fig. 11, which gives an elevation and section of the rotor 
disc complete. 

The insulating hub is turned up from a piece 34-inch 
sheet fibre to the dimension given in the enlarged drawing. 
Fig. 12. The reader will note that the fibre hub is mounted 7 
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Figs. 9 to 12 inclusive—The rotary spark gap complete and in. detail 


upon a boss of brass which is threaded into the fibre and 
riveted over on the end to prevent its working loose. The 
brass piece is drilled with a hole of a diameter to take the 
motor shaft and a set screw provides a means for securing 
the boss on the shaft. The final cut which brings the fibre 
hub to the diameter of the hole in the aluminum disc should 
be made after the hub has been cut roughly to size and 
mounted upon the brass boss which is in turn mounted 
upon an arbor in the lathe. This will insure absolute truth 
in running. 

The aluminum disc should next be divided with 12 
radial lines running from the center and crossing the 9-inch 
circle at 12 equi-distant points. At each point a clearance 
hole for a No. 10-24 machine screw is drilled. Twelve cylin- 
ders each 34-inch long should be cut from a piece of nickel- 
steel rod 34-inch in. diameter and each cylinder drilled 
and tapped in one end for a No. 10-24 screw. The cylin- 
ders may then be secured in position on the aluminum rotor 
and the disc mounted upon its hub of fibre. It is secured 
thereon with 6 rivets which may be brass escutcheon pins 
inserted in snugly fitting holes drilled through aluminum 
and fibre. The heading over should be done very carefully 
and on the aluminum side. The rotor, which is now finished, 
may then be mounted upon the arbor in the lathe in order to 
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test for accuracy in running and, if the final- cut on the 
fibre hub has been carefully taken and all burrs removed 
from the edge of the openings, the disc cannot run other 
than true. 

The reader’s attention is next called to the housing 
which consists essentially of a box of suitable size built 
up from /%-inch whitewood and lined throughout with sheet 
asbestos. A hole is drilled in the rear of the box to ad- 
mit the boss of the rotor. The box is assembled with 
screws throughout and the top piece, D, Fig. 9, is made 
removable in order to afford access to the interior of the 
case. The front of the box carries the stationary elec- 
trodes of the gap and the construction of these demands 
our attention next. 

The stationary electrodes consist of a pair of the 34-inch 
nickel steel cylinders mounted upon threaded 37-inch brass 
rods supported in brass bushings which are threaded into 
the wooden front of the case. A 3-inch disc of fibre on the 
end of each of the threaded rods provides an adjusting 
handle by means of which the clearance between the studs 
on the rotor and the stationary electrodes can be closely 
regulated. A strip of heavy copper ribbon establishes con- 
nection between each stationary electrode and a binding 
post placed a few inches beneath it. 

The gap may now be assembled according to Fig. 9 
which shows the relative positions of the various parts so 
clearly that further description is unnecessary. The motor 
may be of the ordinary fan motor type of yg H.P. or even 
less and its speed should be about 1800 revolutions per 
minute. The method of mounting the motor is, of course, 
dependent upon the nature of the base or bed plate. The 
builder’s ingenuity will doubtless suggest the best form of 
mounting to meet his individual requirements. 

Care should be taken to see that there is practically no ~ 
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- end play in the motor, for if such were the case, the clear- 
ance between the discharge points could not be maintained 
at a uniform value. 

The Oscillation Condenser.—Before proceeding with the 
description of the condenser, it may be well to state that 
this particular feature of the outfit presents many difficulties 
in its design in view of the fact that the condenser is to 
be subjected to much rough handling and moving about. 
The data offered herewith is for a condenser having glass 
plates for its dielectric, but the author would suggest that 
this material, while highly satisfactory for use in a con- 
denser to be used in but one place, is obviously subject 
to breakage and is at a further disadvantage from point of 
weight. Its use is suggested in this work merely because 
the stock is readily obtained and this at a low figure. Sheet 
mica, while several times as costly, is far superior in every 
way and its use is strongly recommended to those who feel 
that the extra expense is justified by the advantages gained, 

For the condenser proper, 120 sheets of 8 by 10 inch 
photographic glass will be required. This glass, in the form 
of discarded negatives, may be obtained from almost any 
photographer for a small sum. In addition to the plates 
above-mentioned, the builder will require some 24 plates 
additional to serve as cover glasses for each condenser 
unit. A few extra plates to replace possible broken or 
defective ones will not be amiss. l 

The first operation will be to clean the emulsion from 
the glasses and this is readily done by soaking the plates 
in hot water. It is not essential that the plates be made 
perfectly clean of the emulsion if the plates have all been 
developed and the silver dissolved, but it is desirable to 
get the surface and particularly the edges for a space of an 
inch or more as clean as possible. The plates, when cleaned 
and dried, are to be placed in a warm oven prior to having 
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Fig. 13.—Showing how condenser is connected six units in multiple and two 
in series 


the metallic coating of tinfoil placed on each side. This 
coating is of the heavy foil used by florists and may be 
obtained in strips 48 inches long and 6 inches wide at al- 
most any florist’s shop. It comes in packages of one pound 
and averages some five strips to the package. The foil 
should be straightened out and cut off into rectangles 6 by 
8 inches in size in order that when secured to the glass it 
will leave a margin of an inch all around. (See Fig. 14.) 

The condenser is made up into units of ten plates each 
and, each plate is to be coated on both sides with the tin- 
foil. In all there will be 12 units connected up as shown in 
Fig. 13, that is, two sets of six units each connected series- 
multiple. 

To coat the plates the builder should provide a lump 
of beeswax and a “pounce” made by enclosing a wad of 
cotton within a soft cloth. A warm plate is taken from the 
oven and laid upon a cloth-covered table top. The lump r 
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of beeswax is rubbed lightly across its surface to provide 
a thin and even coating. A sheet of tinfoil is immediately 
placed in the center of the glass and rubbed into close con- 
tact with the pounce, starting at the center and, with a 
circular motion, working out toward the edges. This will 
result in a perfect union of glass and foil at all points. The 
plate is immediately reversed and the other side coated in 
like manner before the plate gets too cold to melt the 
wax. The remainder of the plates are to be treated in a 
similar manner when they are ready for the connecting 
lugs, after having had their edges dipped in melted wax 
far enough to cover the edges of the foil for a- space of an 
inch or so to prevent brush leakage. 

The lugs are of thin copper ribbon, tinned at one end 
and affixed electrically to the tinfoil at alternate ends on 
both sheets of foil with a deft application of the soldering 
copper. A little practice on a scrap plate will soon enable 
the worker to master the operation of soldering the copper 
to the foil without melting the latter. The drawings in 
Fig. 14 illustrate the location of the connecting lugs and 
also the way in which ten plates are piled one on top of the 
other to form a complete unit. This assembling having been 
done with the entire lot of plates, the projecting lugs may 
be clamped with the pliers and soldered to short lengths 
of copper ribbon ready for connection with the bus-bars 
of the condenser. The plates of each unit should be bound 
with tape to afford mechanical strength and ease of hand- 
ling. A plain piece of glass is placed on either side of each 
unit under the binding tape. 

The twelve units are to be assembled in a strong 
wooden case and each unit should be separated from its 
neighbor by strips of wood covered with felt. Connections 
are made as shown in Fig. 13, to bus-bars consisting of sev- 
eral strips of copper ribbon fastened together. The connec- 


THE CONSTRUCTION OF LARGE APPARATUS 201 





Neary linas + 
fry ” “gas 





Fig. 14.—Single plate of the condenser coated on both sides with tin foil 


tions with the outside of the case are by means of heavy 
flexible cables made by binding a number of strands of 
fine insulated copper wire under one cover. 

Setting Up and Operating.—The connections of the ap- 
paratus are simple as the accompanying drawing shows, and 
it is only in some few particulars that the author need sup- 
plement with further explanation. (See Fig. 15.) 

A switchboard is highly desirable but not at all essen- 
tial to the successful operation of the apparatus. One may 
be made quite simply and without the expenditure of much 
time or money. A pilot lamp, to enable the operator to 
see the control switches in the dark; a 50 ampere double 
pole, single throw knife switch to control the transformer 
circuit; and a small snap or knife switch for the spark gap 
motor circuit, will complete the equipment of such a simple 
board. This adjunct to the outfit, may be made quite elab- 
orate, if desired, just for the theatrical effect it may have 
if placed upon the stage. In this event, the board, which 
may be of wood treated with a fireproofing compound, 
should be finished eventually in a dead black to simulate 
slate. The switch equipment may be supplemented with 
fuses, imitation bus-bars and additional lights. An am- 
meter and a voltmeter will not only add to the appearance, 
but will also be of Practical service in the operation of the 
apparatus. 
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The transformer requires a current of from 40 to 50 am- 
peres at full load and the leads from the stage pocket must 
necessarily be of heavy cable. The stage cable used in 
connection with motion picture arcs is admirably adapted 
to this purpose and the outfit should include from 50 to 
100 feet of this cable. 

Connection between the transformer secondary and the 
rotary spark gap electrodes may be made with the high 
tension cable used in the ignition circuit of automobiles. 
This cable is to be fitted with substantial lugs as in use it 
will have to be connected and disconnected a great many 
times. 

The oscillation circuit comprising spark gap, condenser 
and primary of oscillation or high frequency transformer 
should be connected with the cable. 

Prevention of Kick Back.—The ground connection 
shown in the diagram is of the utmost importance as with- 
out it high voltage surge back through the transformer 
wires will be almost sure to puncture the insulation of the 
transformer. To further protect the latter and to safe- 
guard the house wiring, a protective condenser should be 
connected across the transformer primary at the point where 
the line wires are connected. This condenser is made by 
joining two 2-mfd. telephone condensers in series across 
the line and grounding the neutral point or wire that con- 
nects the two. 

For the sake of simplicity, the spark gap is shown as a 
stationary one rather than a rotary. The connections are, 
of course, the same for the two. 

When all has been connected up, the spark gap elec- 
trodes may be adjusted to the point where they just miss 
the rotating member and the gap motor started. For this 
first test, the primary clip of the oscillation transformer 
may be placed on the center turn to permit of variation in 
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Fig. 15.—Diagram of connections for the apparatus 


either direction as required to establish resonance. The 
main switch may next be closed and the ball discharger at 
the top of the oscillation transformer should send forth long 
streamers of fire with a terrific crackling noise. An. ad- 
justment of the clip on the primary from, one turn to an- 
other, and a variation in the length of the spark gap, will 
soon enable the operator to obtain resonance. This point 
is indicated by the longest streamers. At its maximum ef- 
ficiency, the coil will send forth a spark that will dart a 
distance of more than five feet to a wire attached ta the 
ground and brought near the discharge terminal. A-strange 
feature of this experiment is the fact that the secondary 
cylinder is but 50 inches high and, rather than dart down- 
wards, striking the primary of the coil, the spark will break 
down a far greater distance in a horizontal plane and still 
farther if the ground connection is placed overhead. This 
is a peculiarity of high frequency discharges. x 


CHAPTER XIX. 


LARGE TESLA AND OUDIN COILS FOR THE 
STAGE. 


In the present chapter, the specifications for two of 
the most popular types of high frequency transformers are 
given. The coils are complete in themselves and for their 
operation, the exciting apparatus described in the preceding 
chapter, or else the quenched gap apparatus covered in the 
former chapters, may be used. The proportions of these 
coils are excellent for transformers of larger or smaller size. 

The Tesla transformer illustrated in Fig. 1 is capable 
of throwing a 50 inch spark between terminals if made 
in the size shown in the detailed drawings, Fig. 2. This 
spark can be produced through the use of a two kilowatt 
transformer in the exciting circuit if the apparatus is tuned 
properly. The resonator shown in Fig. 3 is designed for 
the production of a comparatively short, but very heavy 
spark and it is capable of remarkable performances. in the 
hands of an ingenious manipulator. The various experi- 
ments such as lighting lamps with current taken through 
the body and igniting cotton or paper with sparks taken 
from the fingertip are well within its scope and this on a 
big scale. The coil is also excellent for the generation of 
a very high frequency current at high voltage for the pro- 
duction of a bluish halo or glow which seems to come from 
the extremities of the body when the performer operates in 
the dark. ` 
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Rather than attempt a minute description of each opera- 
tion in thé construction of these coils, the author will en- 
deavor to cover the constructional features in each case, 
believing that the reader is sufficiently well-versed in me- 
chanics to be able to read the drawings without difficulty. 
The construction is practically identical in the two designs 
and a description of one will suffice for the other. 

The most difficult part of the work is the building of 
the secondary drum indicated by 1 in the drawings. This 
is a wooden cylinder with wooden heads. The difficulty 
is found in the fact that the builder must not use metallic nails 
in the assembly. This is not insurmountable, however, 
for the shoemaker uses a substitute that fills the bill very 
nicely. His sharp wooden pegs may be driven like nails 
if the precaution is taken to start the hole with an awl or 
drill. If the builder has no lathe, he may order the wooden 
discs, which constitute the heads and intermediate forms 
for the cylinder, turned to size, from the mill. The wall 
of the cylinder is composed of wooden slats placed closely 
and glued and pegged to the discs. The construction will 
be materially assisted if holes are bored in the discs prior 
to assembly and a long curtain pole passed through to line 
them up. The pole is removed before the last few slats 
are placed in order that the brass bushings shown in the 
cylinder heads may be inserted and secured. After this, 
the final slats are placed in position, glued and pegged. 

The cylinder may next be mounted upon a pair of 
horses and arranged to revolve through the agency of a 
short length of iron rod screwed into each bushing. The 
rod should be flanged in back of the threaded portion to 
prevent the strain on the bushing that would otherwise 
be present. With the cylinder between horses and a staple 
driven over each spindle, the builder may proceed to finish 
off the surface. A plane run along the slats will take off 
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Fig. 2.—Detaila of the Tesla transformer 
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the projecting corners and a final rubbing with coarse sand- 
paper will bring the surface to a fairly smooth condition. 

The winding surface is prepared by covering the cyl- 
inder with several layers of heavy wrapping paper, each 
layer being thoroughly soaked with shellac before the next 
is applied. The easiest and best way to do this is to 
purchase a roll of paper and place it in hangers beside the 
cylinder. The Tesla secondary may be wound in two sec- 
tions with a space between at the centre of the coil. This 
space will provide for the legs that support the primary 
helix as shown in the drawings. The wrapping paper need 
therefore be only half the length of the cylinder in width 
in order to fully serve the purpose. 

When the cylinder is covered and the paper and shellac 
have dried quite hard, the winding may be done. The 
exact size of the wire on the Tesla secondary is of small 
importance. The only requisite is that the number of turns 
be kept between 600 and 800. There should be an ap- 
preciable space between each turn and its neighbor, how- 
ever, and this may govern the gauge of the wire employed. 
It is difficult to secure any wire larger than No. 22 in a 
length sufficient to wind the cylinder in one piece and a 
splice is not to be desired. If, therefore, No. 22 B. & S. 
gauge, double cotton covered magnet wire is available, 
it may be wound 12 turns to the inch, making in the neigh- 
borhood of 300 turns in each half of the winding. The 
two halves of the winding must be in the same direction; 
that is to say, the one half is a continuation of the other. 
This is easily assured by starting at the left end of the 

cylinder, for instance, and winding until within 134 inches 
‘of the centre. Here the wire is secured with a wooden 
peg and a jump taken over 114 inches to the other side of 
the centre of the cylinder. Another peg secures the start- 
ing turn and the second half of the winding is completed, 
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turning the cylinder in the same direction. In order to 
maintain the space between turns a loop of cord is passed 
over the cylinder and a weight hung from its lower point. 
The turn of cord, which should be heavy and approximately 
ds inch thick, will guide each succeeding turn, spacing them 
with fair accuracy. An experimenter who has built a set 
-of apparatus recently from the author’s directions, advises 
that he was able to straighten up the entire winding by 
running a metal comb along the wire as an assistant turned 
the cylinder. The winding, when finished, is given half a 
dozen coats‘of shellac, each coat being dried thoroughly 
before the next is applied. 

The construction of the helix forming the primary will 
readily be understood from the drawings. The conductor 
is a length of 14-inch copper tubing, rubbed bright, and 
coiled into a helix 271%4 inches in diameter for the Tesla 
coil and 26 inches in diameter for the resonator. A ma- 
terial superior to the tubing is the edgewise-wound copper 
strip that is now used in nearly all high grade wireless 
transmitters. This strip can be purchased in a spiral from 
any large wire manufacturer, but to bend it edgewise with- 
out buckling is a mechanical problem worthy of an engineer. 
It can be done by rigging up a drum of metal arranged 
with clamps to hold the strip flat as it comes from the 
reel, but the task is scarcely one within the province of the 
amateur. 


The Tesla coil is mounted upon a base equipped with 
casters in order that it may be moved quickly and easily. 
The secondary is supported by four rods of wood which 
are mounted in wooden bases in imitation of high tension 
insulators. The secondary is removable from the support- 
ing rods merely by lifting it off, the rods terminating in 
plugs which fit sockets in the heads of the cylinder. The 
rods themselves are removable from the base by lifting ` 
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Fig. 3.—The Oudin resonator complete and in detail 
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them from sockets therein. The primary helix is supported 
on the secondary cylinder by the.three legs as shown in 
the drawings. The helix is so springy that there is no 
difficulty in springing the third leg into position after the 
helix has been placed over the cylinder. 

- The object of having all of the parts removable is of 
course to permit packing to be done effectively and without 
the enormous cases that would be necessary if the coil 
were in one piece. The resonator is made separable in 
the same manner. 

The ends of the Tesla winding are connected to the dis- 
charge rods through the rods and balls shown in the sec- 
tional drawing. The primary is entirely independent and 
its only connection with the secondary is an inductive one. 
With the resonator, however, the case is different. The 
lowest turn is connected to the bottom turn in the primary 
helix and this in turn to a common ground terminal. The 
discharge rod 4 is also connected with this ground wire 
beneath the base. ‘ 

Regarding the resonator, little further need be said save 
for a few words about the winding. This is in one con- 
tinuous layer of about 350 turns. As the voltage is lower, 
this winding may be of No. 18 annunciator wire wound 
close and most carefully coated with shellac in six applica- 
tions. The practice of winding the turns close is to be 
avoided if possible for there is extreme likelihood of the 
current leaping across through the insulation. A separation 
of a single turn of thin cord will help materially. 

In closing it may be well to state that the suggestions 
given in this chapter are intended for the amateur worker 
who is not equipped with a lathe sufficiently large to take 
the cylinders. If the individual is so fortunate as to have 
access to such a large lathe, he may disregard most of the 
instructions and proceed in the regular manner. 


CHAPTER XX. 


THE CONSTRUCTION OF A WELDING 
TRANSFORMER. 


While this piece of apparatus can scarcely be placed 
in the category of high frequency apparatus, since the cur- 
rent employed is the ordinary 25, 60, or 125 cycle lighting 
current, still the welding transformer forms a valuable ad- 
dition to the high potential apparatus used in an electrical 
offering on the stage. The feat of grasping a piece of iron 
wire, as thick as a pencil, between two pairs of tongs held 
in the hands and causing the wire to become red and even 
white hot while held in that position, is a stunt which 
seldom fails to call forth the applause of an audience. When 
the experiment is conducted with the proper scenic at- 
mosphere, the effect is materially enhanced, 

In this chapter the reader will find the details of the 
construction of a low-voltage transformer admirably 
adapted to this purpose. The transformer can be built by 
the average handyman who has a smattering of electrical 
knowledge and who knows the value of careful work as 
regards insulation Later in the chapter, the design of a 
suitable stage setting and accessories will be described. 
While this experiment may readily be made one of a num- 
ber grouped up into a single offering, still it is quite com- 
plete in itself and with embellishments, it may form the 
basis for an act of a few minutes’ duration. 

In order to make the description clearer, the various 
parts of the transformer will be described separately, each 
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under its proper heading. The transformer is designed 
for operation on a 110-volt, 60-cycle alternating current 
circuit and when the load is applied, the current in the 
primary is approximately 26 amperes. The secondary cur- 
rent at 11 volts is in the neighborhood of 250 amperes and 
this is sufficiently large to make quite a display. 

The Core.—The core of the transformer is of lam- 
inated iron or preferably silicon steel 017 inch thick and 
cut into pieces as indicated in Fig. 1. From the diagram 
the reader will note that two sizes are required, 1. e., 3 by 6 
inches and 3 by 8 inches, respectively, and 340 pieces of 
each size will be needed. The steel for the core may be 
obtained cut to size and ready to assemble from certain 
transformer manufacturers who buy the material in large 
quantities and cut it with a gate shear. 

Fig. 3 shows how the 3 by 8 inch pieces are assembled 
with the ends projecting alternately three inches first on one 
and then on the other side. The strips are divided into 
two piles of 170 pieces each and each pile is then built up as 
shown in Fig. 3 to make two cores, each three inches thick. 
A generous wrapping of tape and three layers of press board 
make the cores ready for the windings. 

Primary and Secondary Winding.—The secondary is 
wound over the primary on each leg of the transformer. 
For this reason the primary winding will be considered first. 
As mentioned before, the winding described is for use on 
a 110-volt circuit; if the builder desires to wind for a 220- 
volt circuit, he should substitute twice as many turns of 
a wire three sizes smaller in the primary only. The 
windings here mentioned are figured at but 500 circular mils 
per ampere, but in view of the fact that the transformer 
is used for only a few minutes at a time, the heating will 
not be excessive. 

The primary consists of 120 turns in all and so arranged 
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Figs. 1 to 9 inclusive—Details of the welding transformer 





that 90 turns may be used if desired. The winding is of 
No. 9 D.C.C. magnet wire in four layers of 30 turns per 
layer. Two layers are wound ori each leg. With refer- 
ence to Fig. 5, the winding is started by soldering the end 
of the wire from the spool to the end of a piece of stout 
copper ribbon which is then insulated with a layer of paper 
and the winding continued over it for one layer. This 
prevents the annoyance of the first turn coming loose after 
the winding is removed from the lathe. 

Over the first layer of the primary is placed a layer of 
press board and then the second layer of wire is wound 
until the 45th turn is reached. At this point a tap of cop- 
per ribbon is taken as shown in Fig. 7. Over this the wind- 
ing is continued until the 90th turn is in place. This turn 
is soldered to the tip of a third piece of ribbon previously 
placed so that the winding holds it. The same procedure 
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is repeated with the other core leg and two layers of press 
board fitted ready for the secondary winding. 

The secondary consists of 10 turns in all, five to each 
layer. The winding is composed of three No. 4 D.C.C. 
wires wound in multiple as shown in Fig. 8. The wire 
should be on three spools arranged conveniently in back of 
the operator who should wear canvas gloves in handling the 
heavy conductor. The wires will have to be tapped in place 
with a small wooden mallet. The starting ends are soldered 
to a piece of heavy copper strip, the winding done, and the 
finishing end secured in a similar manner. A substantial 
covering of press board finishes the windings after they 
have been liberally painted with armalac or a similar com- 
pound. l 

The legs with the windings on may then be set on end 
and the 3 by 6 pieces of steel interleaved in order 
to complete the magnetic circuit. One end of the core 
complete is shown in Fig. 2. A slight tapping with a light 
hammer will set up the irons. 

The Mounting.—The mounting is clearly shown in Fig. 
10 as is also the direction of the windings. The builder 
should determine this very carefully by placing the cores 
end to end before assembling and then noting which termi- 
nals of the windings, when connected together, will pro- 
duce a continuous winding in one direction throughout. 

The copper ribbon taps are soldered to No. 10 flexible 
stranded conductor on the primary and to three No. 4 flex- 
ible stranded cables in multiple on the secondary. The 
cables aré led to binding posts on the primary end and mas- 
sive copper bolts on the secondary. The connections be- 
tween the halves of the windings are made with strips of 
copper insulated with tape. 

Welding Experiments.—The current delivered by the 
transformer just described is of low voltage but great vol- + 
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Fig. 10.—The transformer complete showing diagram of connections 


ume. Such a current may be applied to the requirements 
of the popular science entertainer in a number of ways and 
the space available in this treatise will permit of but a brief 
outline of the many interesting experiments it is possible to 
produce. 

As a necessary adjunct to the transformer described 
previously may be mentioned a pair of heavy cables to 
conduct the current from the secondary of the transformer 
to the appliances with which the experiments are to be per- 
formed. Such cable may be purchased in an electrical sup- 
ply store, but it is likely to be rather too stiff for the re- 
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quirements of the performer. For this reason the author 
suggests that the worker make his own cable, and the 
appended illustration (Fig. 11) shows how this may be 
done. A coil of No. 24 bare copper wire is cut into sufficient 
ten-foot lengths to make up two bundles of wire each 4 
inch in diameter when the wires are tightly bound together. 
The end of one bundle of wires is forced into a substantial 
lug and very carefully soldered to insure that a perfect elec- 
trical connection is made. This lug is then gripped in a 
vise and the wires are stretched individually and collectively 
along the bench with the ends held securely when the 
stretching has been done. A wrapping of cotton tape is then 
wound throughout the entire length of the cable starting 
at the end with the lug and finishing temporarily three or 
four inches from the other end where the tape is bound with 
wire to keep it from unwinding. Again starting at the lug 
end, a layer of fine, hard fish line is wound around the 
cable and over the tape, finishing the covering of the 
cable. Before cutting the tape and line at the finishing end 
the wires are to be cut off squarely and inserted into a sec- 
ond lug which is carefully soldered as in the case of the 
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Fig. 11.—Showing construction of cable to carry the heavy secondary current 
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first one. The tape and line may then be brought up to 
the lug and finished off. The same process is repeated 
with the second bundle of wires to form a cable similar to 
the first. 


The only other adjuncts necessary for the simpler ex- 
periments with the transformer are two pairs of tongs or 
clamps to which the cables are fastened. In Fig 12 the 
reader will note a suggestion for a pair of tongs of suit- 
able design, and if the worker is a fairly skilful pattern- 
maker he can make a pattern from which a copper or 
bronze casting may be made. Failing in this, he may use 
a dismantled pair of iron tongs or gas pliers for the pat- 
terns, making such changes as may be necessary with the 
aid of a bit of hard wax. The illustration is just one-half 
the size of the finished tongs used in the author’s outfit, and 
it will not be safe to use a lighter weight of copper as the 
tongs heat up pretty well after the current has been on a 
few minutes. The lug of the cable is fitted to the handle 
of the tong as shown in the illustration. 

Assuming that the transformer has been set up, the 
worker will be anxious to try it out. The tongs may be 
grasped with the bare hands as the voltage of the secondary 
is so low that practically no shock will be perceptible; 
however, if the performer’s hands are tender or susceptible 
to perspiration, the handles of the tongs may be dipped in 
white lacquer which will be quite invisible when dry but 
which, at the same time, acts as an effective insulator. 
The tongs having been connected to the transformer sec- 
ondary by means of the cables and the 60-cycle alternating 
current circuit through a 30-ampere fused switch, the per- 
former may grasp a piece of 14-inch steel rod about two 
feet long in the jaws of the tongs and have an assistant 
turn on the primary current. The steel will quickly dis- 
color and become gradually red and then white hot. At 
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Fig. 12.—These copper tongs are useful in the conduct of many experiments 


this stage the current should be turned off and the per- - 
former shoud place a pair of gloves on his hands, explain- 
ing to the audience that, as they have just seen, the cur- 
rent passing through his hands has no effect whatever upon 
him, but that the intense heat so near his hands is worse 
than unpleasant. The heavy gauntlet gloves in place, the 
experiment can be carried to the stage of white heat, at 
which point the steel is almost plastic and the rod can be 
bent easily into a U shape. A few minutes more and the 
steel actually burns up in the performer’s hands, sending 
forth a shower of sparks in all directions. In order to 
protect the eyes and clothing from the sparks, it is well to 
wear a helmet and a large leather apron to completely cover 
the person. This dress has its psychological effect upon 
the audience also. 

The transformer may be used to weld together two 
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pieces of iron rod held in tongs and brought together; spot 
welding of sheet iron may be done if a device is built to 
provide sufficient pressure at the contacts; a mass of metal 
may be brought almost to the melting point if placed in a 
crucible and the terminals inserted; and, in fact, countless 
other experiments, many of which will suggest themselves 
to the possessor of the transformer, may be performed. 

A most effective stage setting is one of dark purple 
velvet in the form of a cavelike affair. Practically all of 
the electrical experiments should be performed in semi- 
darkness in order that the effect may be striking. The 
fusing of copper and zinc rods held in the tongs with the 
stage dark makes one of the most startling experiments the 
author has ever beheld. , 


CHAPTER XXI. 


HINTS FOR THE ELECTRICAL ENTERTAINER. 


Not the least important feature of the work in hand is 
the preparation of a suitable explanatory lecture to accom- 
pany the experiments which are to be performed with the - 
apparatus described. Upon the snap and vigor of the lec- 
ture depend in a large measure the successful presentation 
of the offering. It is safe to assume that the day of the 
electrical fakir is past—no longer can the smooth-tongued 
performer claim some supernatural power which enables 
him to take through his body enormous voltages which 
would prove fatal to the average mortal. The lecturer of 
this type is as much a thing of the past as is the old-time 
magician who makes claim to some occult power rather 
than to sleight-of-hand or mechanical ingenuity to accom- 
plish his tricks. The electrical entertainer of to-day must 
bear in mind that in the past five years the education of the 
general public along the lines of electricity and science has 
advanced in an astonishing degree, and to offer his experi- 
ments under the guise of a wizard is not only to insult the 
intelligence of his audience, but to stamp himself as an 
absurd charlatan as well. Just as the modern prestidigi- 
tator credits his quickness of hand, so should the electrical 
entertainer give credit to modern science for his ability to 
perform the startling experiments he offers. 


Class of Audience.—The class of audience catered to 
221 


222 HIGH FREQUENCY APPARATUS 


should also bear careful consideration. The style of talk 
favored by the intelligent and well-read Chautauqua as- 
sembly would be hopelessly out of place in even a high- 
class vaudeville theatre. This is not due to the lesser 
degree of intelligence to be found in the theatre audience 
so much as to the fact that such an audience demands to 
be shown rather than told. The experiments must speak 
for themselves and any lecture accompanying their presen- 
tation must be more in the nature of an explanatory 
“chatter” rather than a discourse on the theory and 
scientific reasons for the phenomena demonstrated. With 
the typical lecture audience, on the other hand, the ex- 
planatory remarks may be more comprehensive in nature, 
as such an audience comes to listen and be instructed, as 
well as to see and be entertained. At the same time the 
performer must not lose sight of the fact that many of the 
people in even a scholarly audience are totally unfamiliar 
with even the fundamentals of electricity except in a vague 
way, and his discourse should therefore be interspersed 
with frequent analogies in everyday life in order that the 
terms and phrases used may be clearly comprehended. 

A clever touch of comedy is of almost inestimable 
value; for the theatre audience it should be of the “slap- 
stick” variety, while for the lecture assembly it should be 
genteel or even subtle in nature. As an illustration of the 
former style of comedy, the writer has seen many a 
mediocre electrical act carried through to a riotous curtain 
simply because a handful of boys from the audience were 
knocked off their feet supposedly through contact with a 
wire. The same bit of comedy presented for the approval 
of a more cultured audience would have resulted in a few 
disdainful smiles. : 

Short Introduction Preferable-—The performer should 
beware of a lengthy introduction in either of the two cases. 
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For the theatre, the opening remarks should be exceedingly 
brief and “straight from the shoulder,” for an audience of 
this nature is ever impatient for something to happen and 
the quicker the action throughout the better the reception. 
If the lecturer is endowed with an unusually commanding 
presence, which invariably combines the gift of wit or 
humor, he may carry the action with his own magnetic 
personality; but for the individual who is not gifted in 
this manner, the rapid-fire style is safer and less likely to 
subject him to the disconcerting ridicule of an unruly gal- 
lery crowd. 


Impressive Opening Imperative.—The introductory re- 
marks should be quickly followed up with an impressive 
experiment; this is to at once arrest the attention and whet 
the appetite for better things to come. After the success- 
ful completion of this one experiment, the performer has, 
in a large measure, gained the confidence of- his people, 
and in consequence, they will be the more ready to listen 
to his further remarks. At this point may come the real 
introduction to the entertainment to follow. The experi- 
ments should be placed on the programme in logical order 
and every effort made to so arrange them that there shall 
be no wait whatever between the successive demonstrations. 


The mediocre experiments should be interspersed with 
the spectacular and startling ones, and invariably the climax 
should consist of the one experiment that proves to be the 
masterpiece. It is not always possible to determine just 
which one from among the number may properly lay claim 
to this title and this is where the value of “trying it on the 
dog” comes in. As a matter of fact the final rehearsals of 
the performance should be before a real audience and a 
critical one at that, for only in this way can the production 
be whipped into shape. 
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Selection of Experiments.—The selection and prepara- 
tion of the experiments to be used in his program must 
needs rest with the entertainer himself. The work must 
show the individuality of the entertainer, since he is to 
perform the experiments and is responsible for their recep- 
tion by the audience. The hints offered in this book should, 
therefore, be considered in the light of suggestions only, and 
the most the writer can hope is that they will start the en- 
tertainer on the right track. Constant experiment day after 
day will serve to bring out the wonderful possibilities in 
the apparatus, and as the worker proceeds he should make 
note of the effects produced and strive in future attempts 
to make the manner of presentation more striking and in- 
teresting. The one big thing to be borne in mind, as out- 
lined in the last article, is that the experiments must hold 
the interest of the audience without the necessity of dis- 
course or explanation. In the first place, the high fre- 
quency discharge produces a deafening noise which in itself 
renders speech inaudible while the coil is in operation, and, 
‘secondly, the audience as a rule does not care what the 
entertainer has to say and it must be shown. Simplicity 
should be the keynote throughout, for the average theatre 
audience may be treated as a more or less unruly crowd of 
children who want solely to be amused and entertained. 
With these facts in mind, the entertainer may plan his 
program, The number of experiments is seemingly limit- 
less when one starts to operate the apparatus, and as the 
time allotted the average feature act in vaudeville is from 
twenty to thirty minutes, it is obvious that only the pick 
of the lot should be chosen. Some may be selected for 
their beauty, but the majority should be picked with a 

view to their sensational qualities. 
Probably the most effective opening number is pro- 
duced by the high frequency transformer in operation at 
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á full power with a dark stage. The streamers of fire leap 
out for several feet in all directions from the ball atop the 
transformer. The discharge makes a tremendous crackling 
and crashing noise which impresses the audience through © 
its weirdness even before the curtain rises. As the curtain 
ascends, the center of the stage appears to be filled with a 
twisting, darting mass of slender, purplish fingers of fire 
which snap at the entertainer as he enters through the 
center door and walks down stage or toward the footlights. 
The current may, at this time, be shut off and the lights 
turned on full for the opening remarks which were dis- 
éussed in a preceding paragraph. 


After the short preliminary address the performer may 
briefly explain to the audience how modern science enables 
man to make electricity his servant, and a servant whose 
services are to be respected but not feared. For instance, 
he can say that if he were to place his hands across the 
terminals of the low frequency transformer (pointing out 
the instrument, but not explaining its principles) he would 
receive a shock that would positively be fatal, since its 
voltage is in excess of that used in the eleetric chair. He 
may then go on to say that through a simple process of 
conversion which changes the nature of the current but 
which does not in any way materially reduce its strength, 
and which, indeed, serves to increase its voltage to near or 
quite the million mark, he is enabled to apply that erstwhile 
destructive force to the good of mankind, curing diseases, 
relieving pain and in countless other ways fulfilling the © 
claim that electricity is man’s greatest servant when in- 
telligently handled. The performer may then show how the 
tremendous current can be taken through the body with- 
out danger, even though its voltage is hundreds of times 
that used for purposes of electrocution. A metal rod is 
grasped in the hands, and while standing on an insulated 
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stool the performer approaches the ball discharger of the 
transformer with the lights out and the coil in operation. 
As the rod nears the ball, a beautiful halo or luminous vapor 
gathers at the point and increases in intensity as the dis- 
tance is shortened. Finally, when the rod is within four 
or five feet of the ball, an enormous sheet of purplish- 
white flame crashes across the intervening space and into 
the rod held in the hands. The spark leaps into the air and 
breaks as the heat causes it to rise, and the moment the dis- 
charge is broken another flame takes its place. If the dis- 
tance is shortened to within six inches or a foot of the 
ball, a piece of stick or bit of paper held in the spark will 
be ignited immediately. 

The performer may then withdraw and have the cur- 
rent turned off for a few words of explanation. The next 
_ experiment may be made to show that the current is actu- 
ally going into the body of the entertainer. To this end, 
he approaches the ball with his rod held in one hand and 
in the other he grasps an electrode to which is connected 
a wire leading to one terminal of an incandescent lamp. 
The other terminal of the lamp is attached to a second 
electrode which is held by the assistant. When the cur- 
rent is turned on the spark leaps to the rod as before and 
the lamp is lighted to full incandescence or even burned 
out by the current passing between the bodies of the per- 
former and his assistant standing nearby. 

' Some of the most startling and spectacular experi- 
ments of which the high frequency apparatus is capable are 
produced in connection with the insulated stool and the 
charged body of the performer. For most of these experi- 
ments, the frequency of the current should be increased by 
moving the primary clip of the oscillation transformer to 
a point where fewer turns are included in the circuit. This 
will reduce the spark length of the coil, but this loss can 
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be tolerated in view of the fact that the current is smoother 
and the muscular contractive effects are totally missing. 
It is difficult for the performer to do justice to his experi- 
ments if he experiences any degree of shock, which, while 
not at all dangerous, is still disconcerting. 

The performer stands on the stool and touches the 
discharge ball of the coil with his metal wand. When the 
current is turned on, a strong, snapping spark several inches 
in length may be drawn from any portion of the body by the 
assistant. This spark will ignite a piece of cotton dipped 
in alcohol, light a cigarette, puncture a thin piece of glass, 
and do many other equally interesting tricks. If the spark 
is taken from the bare skin for any length of time, a blister 
will form from the burn which results, and it is therefore 
advisable to draw the spark from a heavy ring worn on the 
performer’s free hand. An occasional spark taken for a 
few seconds at a time will not affect the skin and the light- 
ing of the cotton may be accomplished by the assistant 
bringing the material in close proximity with the per- 
former’s ear or chin. Care should be taken to avoid sparks 
near the eyes. If the performer holds a metal spoon in his 
mouth, a spark may be drawn from the handle and this ex- 
periment seldom fails to bring applause. 

If the primary clip on the oscillation transformer is 
carefully adjusted after the performer has been connected 
with the discharge ball, a point will be found where his 
body seems literally to exude a luminescent halo of bluish 
white fire. When the free hand is raised directly over the 
head, little tongues of fire dart from the finger tips into 
the air. When a second person approaches to within a 
foot or so of the performer the space between their bodies 
is apparently filled with a luminous vapor, and a finger 
pointed at the performer instantly calls forth an intense, 
cone-shaped stream of the light. A Geissler or other vac- 
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uum tube brought to within even six or eight feet of the 
charged body lights up with its characteristic glow, and, 
when it approaches to within a foot of the body, the glow 
is practically as bright as it would be if the current were 
passing into it through a wire instead of through space. 

An entertaining experiment is to bring an incandescent 
lamp bulb, held by its base in the assistant’s hand, close to 
a rod held in the hand of the performer. The current slowly 
strikes through the glass wall, and, as the fracture increases, 
the air is let into the bulb. As the vacuum lowers the 
color of the glow in the bulb changes from bluish white to 
red, then to purple and finally it disappears as the spark 
punctures the wall and finds its way to the wires inside. 

No further attempt will be made to describe “experi- 
ments” for to do so is futile at this point. The worker will 
find that every time he turns the current on, he finds some 
new wrinkle or stunt to do with the spark. Ardent experi- 
mentation with the apparatus itself is the very best teacher 
and a day spent merely in “playing” with the outfit will 
give the ingenious worker scores of fascinating experiments, 
some of which are suitable for the stage and others for 
the parlor or the laboratory. 

Dr. Tesla prepared a series of intensely interesting lec- 
tures some years ago and his work, now in book form,* 
offers a truly remarkable series of instructive experiments. 
While Dr. Tesla advocates, in his book, the use of a high 
frequency alternator or else an oil-immersed oscillation 
transformer, still many, if not all, of the performances he 
pictures can be shown with the apparatus described in this 
book. ; 


* Experiments with Alternating Currente at High Potentials and High Frequenciee— 
Teela—$1.00. 
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PARTS AND MATERIALS. 


In the pages which follow, a comprehensive list of raw 
materials, parts, and finished apparatus is offered. This 
list has been prepared solely as a matter of convenience to 
the reader and with a view to obviating the bulk of the 
correspondence that inevitably results from the publication 
of a book of this character. The author has answered as 
many as twenty letters in one day, giving prices, dimen- 
sions, weights, and the manufacturer’s name of this and 
that object after the appearance of an article, and, while 
it is a pleasure to answer correspondence bearing upon the 
actual construction or use of the apparatus described, it is 
discouraging and costly to typewrite a list that could just 
as well be printed. Hence, this appendix. The materials 
and instruments listed may be ordered directly from the 
Curtis Engineering Laboratories Company, 104 Fifth Ave- 
nue, New York City. 


Prices subject to change without notice. 


Knife Switches. 


Unmounted, 110-250 volts, not fused. Front or back 
connected (specify which). 


SINGLE THROW DOUBLE THROW 
S.P. D.P. 3P. 4P. Amp. S.P. D.P. 3P. 4P. 
$1.00 $1.50 $2.25 $3.00 25 $1.50 $2.30 $3.50 $4.60 
1.20 1.80 2.70 3.60 35 1.90 290 4.40 5.80 
145 2.20 3.25 440 50 2.20 3.30 5.00 6.60 
190 290 435 580 75 2.90 4.35 6.50 8.70 
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Owing to the unstable condition of the market, copper 
wire prices are subject to fluctuation. 


Fine Copper Magnet Wire 


Size Single Double Single Double Enamel 


B&S Cotton Cotton Silk Silk 
Gauge 
Fe. Fe. Fe. Fe. Fe. 
fb. Price Ù. Price Ù. Price b. Price È- Price 
12 50 $0.37 48 $0.39 50 $0.38 
14 84 37 77 41 79 40 


16 125 .38 125 .42 127 $0.60 131 $0.77 126 .42 
18 200 .39 200 .44 205 62 210 .79 200 .43 
20 311 .46 298 48 319 66 312 84 319 .44 
22 491 49 461 54 504 .69 493 .89 507 .46 
24 778 .54 745 63 795 .77 779 1.04 803 .51 
26 1188 .60 1118 .70 1240 .90 1208 124 1275 .60 
28 1903 .69 1759 .80 2023 1.06 1917 1.50 2025 .70 
30 2893 .81 2534 .95 3325 128 2909 1.92 3220 .85 
32 4414 .95 3737 1.09 4876 1.63 4654 2.55 5110 1.08 
34 6400 1.18 6168 1.47 7757 2.18 7111 3.00 8120 1.45 
36 9846 1.44 7877 2.00 11907 2.92 10039 4.00 12890 1.97 
38 13848 2.15 10666 3.80 16516 4.18 14212 5.62 20490 2.79 
40 24381 3.00 14222 5.60 26947 6.10 21333 7.73 32560 4.06 
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Scales and Name Plates. 


Celluloid name plates printed in black ink on finest 
grade heavy white celluloid. Only titles listed can be sup- 
plied at present. 


Cat. No. 1. Celluloid Protractor scale, 180 degrees, 90 di- 
visions of two degrees each, outside diameter, 4% 
inches, inside diameter, 215/16 inches, width, 34 inch. 

Price, each ...cclesseccesesccescecssesuces haseu ne tesba.ds $088 
Prices. per doz. ico ostensae ndean eie siia ....- 2.00 

Cat. No. 2. Celluloid scale, 6 divisions numbered 1 to 6, 3 

inches outside diameter; 174 inches inside diameter, %& 


inches width. 
Price eachais wa ose ohacs Pee ewe n a e a a a aa pice. 210 


Pricé, per doz. siseses ceadeesbecsceaascsecatiavensacceese 00 
Cat. No. 3. Celluloid scale, 6 divisions, 0 to 5, same dimen- 
sions as Cat. No. 2 
Pricé, each esas svasis Ga ties be inwieis Cee uins wanes sae lO 
Price, per doz. ...cccscce se eec ee inii esse een rrr | 
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Cat. No. 4. Celluloid name plate, 1% inches long, 5 inches 
high “Lamp.” 
Price, each isa osciivws soec te ve oaee A TE AE E EEE 
Price, per doz. ....... E E T INAT 
Cat. No. 5. Same as No. 4. “High Frequency.” 
Price, €dCh choses ce ogee sess sete we ee dae de eae adie ess 


. » 
Price; per- dòz. Siaere os. ved ves vei R EE RRAK 


Cat. No. 6. Same as No. 4. “Spark Gap.” 

Price each musarani n oss eas Ga Qos ea tele eee ROEM ee eee 

Price; per doz orodni wens e o EEEN EN eevee See oe eeeles 6 
Cat. No. 7. Celluloid name plate, 134 inches long, % inch 

high, “Selector.” 

Price seach: csc ita eera E A EEA AEE O S 

Price, per doz. ......... EERE AEA TE 
Cat. No. 8. Same as No. 7. “Regulator.” 

Price each isos cscteee sed Guus vee Moo se aea a a aa 

Price, per doz 26 vie es sind ods 65.8 MASSE AB OER ARS sg Ei 
Cat. No. 9. Same as No. 7. “Secondary.” 

Price: each erasa hens Cee Seca an A sawed eee aaa 

Price per OZ science ee cet WE Ea eae eone es ee 
Cat. No. 10. Same as No. 7. “Primary.” 

Price: each sisted enoni iene tesco ws PO pied oaeieeveain ayes 

Price per doz. wi sind sicieess cwlive niiae eiet 8s sale’ asa 
Cat. No. 11. Same as No. 7. “Main Switch.” 

Price each c.c.. EEEE ahs E ATTAT ER A 

Price per doz..........+.. Site tees A cite aeceninta tle cece 
Cat. No. 12. Same as No. 7. “Spark Gap.” 

Price each ........ sates steer b a nears ste gaa iE an oiia aih 


Cat. No. 13. Same as No. 7. “Low Potential Oscillatory.” 
Price eacha yos moneraee eose aia TEETE wale ee 
Price per d0Z.........cccecssccecececeece Sioa sab E 


Aluminum Name Plates. 


Bright aluminum name plates printed in black, 14% inches long, 


¥Y% inch high. 
Cat. No. 14. “Selector.” 


Price €ach .i39 o:0.cn «eh e e a nda Waweniesa peeks . $0.05 


Price per doz....... A EE TEDES TOERE 


eee cece cnce 


40 
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Cat. No. 15. “Regulator.” 


Price: each 2.3.0 awe cides tence vs hee eae ale EA eE 05 

Price: per dóZesses vise ccdieinciswenetaw EN O Gav os aha es 40 
Cat. No. 16. “Main Switch.” 

Price each aoaea e's ava bide a bane Magna SARE wots 05 

Price: per dozei ricer eoe end Gl een aon Gee hess 40 
Cat. No. 17. “Spark Gap.” 

Price each serue ees aa ana idea aes Moe alee Weed ee Se sie 05 

Price per: do: doie is te vo sain oi Se A REGAN ATA EOE 40 
Cat. No. 18. “Mains.” 

Price eachein Whalen a ei batisirane e wae Cau ews 05 

Price- per dozenerdi pria ch tine bac a obs o aE eo e a 40 


Cat. No. 19. Three blade instrument switch, edgewise con- 
tact type, hard rubber handle, 114 inches diameter, 
% inch high, distance from center of handle to end of 
switch blade, 13% inches. 
Price:each: oi.échiescxnsv ay chee Dees ween het ty eed dee $0.65 
Price per half dozen............ ccc eeecceseeceeeees aoe 3.75 
Price per dòn sereis cc cece cece ees e aS 7.25 
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eo 


Cat. No. 19A. Similar to No. 19 but smaller and cheaper, 
single blade, edgewise contact, composition handle, 
tt inch diameter. 


Price each crater eierniie oriak N E EE 
Price per half dozen............... EaR E os aed 
Price per dozen.......... EET Sae a nE Naaa 


Cat. No. 20. Nickel plated switch point ís inch diameter, 
Ys inch high with brass screw. 
Price cach 1 to 4bririsieisasreniiedrds netes va i aai 
Price lots 50 to 99 each....... OPTE deh E E 
Price lots 100 or MOre........ssssesssessossososeseeeo 


Cat. No. 21. Nickel plated switch points, 4% inch diameter, 
Á inch high with brass screw. 
Price each 1 to 49...... Lins sua E a ae EE ate NA 
Price lots of 50 to 99 each............... EE tines 
Price lots of 100 or more........ussssssssoseeesssseseo 


Cat. No. 22. Plain brass switch point, 14 inch diameter 
on face, & inch high, knurled shank Ye inch, threaded 
shank ¥ inch, plain shank ¥ inch, overall length, 1 
inch with nut. 


Price each 1 to 49..........000005 Tno e eeo i eaae 
Price lots of 50 to 99 each.......ssssssssesoscsesssssse 
Price lots of 100 or more....... {baked Mei Cokes’ EERS 


Cat. No. 23. Nickel plated switch point, ®& inch diameter, 
Å inch high with nickel plated iron screw. 


Price each 1 to 49......... asia Bike ejacoler Deeds EE else eis 
Price lot 50 to 99......... bale Vote eweces EE EE 
Price lots of 100 or more. EEE T 


Cat. No. 30. Nickel plated brass Or ends not plated, 
threaded hole 8-32, ís inch high, ís inch diameter. 


Price each 1 to 49........ S T EEN E ET 
Price lots of 50 to 99 each........... PAA A NA 
Price lots of 100 or more...... neo aaae Nd Reale A oe a 


Cat. No. 30A. Same as No. 30 but alah hole in center, No. 
18 drill (.169 in.) to clear 8-32 threaded rod. 
Price each 1 to 49...... MPE E RE E aac’ ae cars 
Price lots of 50 to 99 each....... aE EENES ico eater 
Price lots of 100 or mOre........ cee cece eet e eee ee seen 
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Cat. No. 31. Heavy brass binding post for use up to 50 
amperes. 
Pricè each visio: 5 ecssase wp ae wlavae e's nie glardien eye a S Seba she's 
Cat. No. 32. Nickel plated standard Clapp-Eastham bind- 
ing post, will take wire under head or wire or cord 
tip in hole. Very convenient, 
Price each eieciyaesiae dss Seya tee te deed natn ceswaaee ine 


Price per dozen. ......c cece ccc cc setiao ana i ana 
Cat. No. 33. Same as No. 32 but smaller. 

Price each ........ ote edie RE setae sates aA bandi 

Price per dozen ......... EET eats wee we weenie 48:8 
Cat. No. 34. Heavy copper lug for currents up to 30 am- 

peres. , 

Price each ...... oer re ree ee ee 

Price per dozen........ iaei EREE ENEA AE as 

Price per 100..... TAE EAT EET TS sa 
Cat. No. 35. Copper lug for currents up to 15 amperes. 

Price each ses cielo Wied ccs seanns Se Coa SEn ewe 

Price per dozen.........ccceeeceeee cece VEETEREN EAN 

Price per 100.............45 EEUE AE e a EA 
Cat. No. 36. Small spade tip for wire No. 16 B & S or 

smaller. 

Price per dozen..... wea aaie eels Rie cehacdialele chute areas 4x0 

Price per 100......... AREE E E 
Cat. No. 37. Small cord tip for fine wires. 

Price per dozen.......esse... AE T TEEI 

Price per 100i pirrer siu cscs Cie nee sea OET 


Cat. No. 213A. Rubber composition covered binding post, 
ts inch diameter, 10-32 thread. 


Price each oc isi i iies Gacse loc isteere ad ETT 
Cat. No. 38. Knurled nut, nickel plated, threaded 6-32. 

Price each 1 to 99.....ssuesesesesos ENEAN ETETEN 

Price each lots of 100............. T EE E E Sessa 


Cat. No. 39. Knurled nut, nickel plated, threaded 8-32. 
Price each 1 to 99.......esesesssesssssocoesssssseceo 
Price each lots of 100....... E ES PESE 

Cat. No. 40. Knurled nut, nickel plated, threaded 10-32. 
Price each 1 to 99.......esessosssosesesesersossoceoo 
Price each lots of 100......esssosesesssoeeoo ETTA 
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Cat. No. 41. Nickel plated acorn nut, threaded 8-32. 


Price each 1 to 99............. ET eee andra T 04 

Price each lots of 100..... err re pe elites pante .03 
Cat. No. 42. Nickel plated acorn nut, threaded 10-32. 

Price each lots 1 to 99...... E E TE Baan 0454 

Price each lots 100............ ccc ce eeee cece EERENS 0334 


Cat. No. 43. Hard rubber handle, knurled edge, 13% inch 
diameter, height of knurled part 3% inch, total height 


14 inch. as 
Price each oeaiei a blae iaer 725 
Price per dozen .............. ives Pea E E EA .... 2.40 


Cat. No. 44. Hard rubber handle, knurled edge, 2 inches 
diameter, height of knurled part 34 inch, total height 


u inch. 
Price each ..... ie de ap elere ts Siete woo ETS Deae ai wees 0 
Price per dozen...........000 aialeraxdiitis-oln, oval E ere a6 4D 


Cat. No. 210. Composition handle, 1% inches diameter, 
28 inch high. 
Price each ......... cece eeee eladubsarntele'e eae place AT .20 
Cat. No. 211. Same as No. 210, 2% inches diameter, 1 
inch high. 
Price each oo... ccc cece ee eee enes Lite had dave EE 235 
Cat. No. 212. Knurled knob, 15/64 inch diameter, $4 inch 
high, 6-32 thread. 
Price each ........ PLE EE EEREN EN pede Maitaee, nOs 
Cat. No. 213. Knurled knob, té inch diameter, 34 inch ‘ig, 
10-32 thread. 
Price each ...........005 Sie d reed weer E E E |] 


Tin Foil. 


Heavy tin foil cut into sheets 61⁄4 inches by 8% inches, running 
27 sheets to the pound. 


Price per Ib... . cc ccc eee eee eee ites Saa SINE . $0.25 
Cut in sheets 514 inches by 8% inches, running 32 sheets o 
the pound. , 


Price per 1b..... AE EN ee EEEE E ae 
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Finished Wood Cabinets for Instrument Mounting. 

The following cabinets and bases are all of high grade 
construction and finish and are suitable for use with instru- 
ments of the best construction. All dimensions given are 
inside dimensions. 


Quartered Oak Cabinets. 


2534 inches long, 7 inches high, 714 inches wide. Made of 
%-inch stock, finished all over outside and inside of cover, cover 
hinged, bottom fastened on, partition of %-inch whitewood, 10% 
inches from one end, partition may be removed. 

Price recauen eda ba RATAN SEs Oa See ee Haw EEA eked $6.00 


Solid Maliczany Cabinets. 

1234 inches long, 77⁄4 inches wide, 8 inches high, made of %- 
inch stock, cover screwed on, outside finished all over. 

Price eachein snow foi cee aa TEE RLE E Ree whe es $4.00 

14 inches long, 67% inches wide, 61⁄4 inches high, made of %- 
_ inch stock, cover screwed on, outside finished all over. 

Price each, 335: 00-0 scije vaca. ibe Siar s UE el aes 3.50 

10% inches long, 514 inches wide, 5 inches high, made of- $34- 
inch stock, cover screwed on, outside finished all over. 

Price, each ioricisskirerrrirtn tirin ter syr cence trege ERS 3.00 

55% inches long, 5% inches wide, 3%4 inches high, made of %- 
inch stock, cover screwed on, outside finished all over. 

Price each eccetediaicew hess teera tines Eaa EREE ede 1.00 

17 inches long, 5314 inches wide, 6 inches high, made of 3⁄4- 
inch stock, cover hinged, finished all over outside and inside of 
cover. 

Price each en re ar ee oC ee 8.00 


Solid Mahogany Rectangular Bases. 
13% inches long, 514 inches wide, 34 inch thick, finished all 
over. 


Price, each: oiiccee cesta s vee edecdadisie ech ateat ences $0.60 
6 inches long, 4% inches wide, 7% inch thick, finished all over. 
Price, each 6004646006 ete Enan Moeihia cee bb Nees owes e... 60 


Solid Mahogany Round Bases. 
9 inches diameter, %-inch thick, finished all over. 
Price,c@ah wo ccceei sae ccen cad cee eee vee ew ans Cade eaainn wens $0.75 
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Low Voltage Condensers. 


These condensers are tested for a voltage of 500 and 
have a special grade of wax paper dielectric coated with foil. 
The condenser measures 5 inches high, 214 inches wide, 
34 inch thick, and may be used on telephone circuits, across 
the vibrators of induction coils to prevent sparking, across 
mains supplying high frequency apparatus to prevent surges, 
and for a wide variety of similar purposes. 

Cat. No. E. S. 355. Condenser, capacity 2 microfarads, price, $0.90 

Prices of other capacities on application. 


Marble Bases. 


Finest quality “Electric Blue” marble bases, polished 
on one side and all edges, top edges are slightly bevel. 
Cat. No. 56. Base, 3 inches by 5% inches, %-inch thick....$0.70 
Cat. No. 57. Base, 3% inches by 6 inches, %-inch thick.... .70 
Cat. No. 58. Base, 5 inches by 9 inches, %-inch thick....... 1.05 


Flexible Couplings and Hubs. 


Cat. No. 61. These flexible couplings are useful for driving 
any device which it is desired to connect directly to a 
motor without accurately lining them up, such as con- 
necting a small dynamo to a motor or water motor, syn- 
chronous spark gaps, etc., not requiring over 1/10 H.P. 
Always give diameter of both shafts in ordering. 

Price of Coupling, complete ..............e5000- eee ee $2.50 

Cat. No. 62. Hub only (being one side of coupling No. 61), 
to which a disc or any other device may be screwed for 
rotating same on motor shaft. Give size of shaft when 
ordering. 

Price, each ........00000es ges Gvaca E tases avortte acelin A 1,00 


Insulating Materials. 


Cat. No. 60. Friction Tape, best quality, large half pound 
roll. 

Bach: ve0ss.cessbe ses Rid de tacos Seweeees Sette ERORE . $0.23 
Cat. No. 60A. Friction Tape, in small ounce rolls............ .03 
Cat. No. 61. Oiled Linen Tape, 1 inch wide. (“Linotape”) 

Per yard, .05; per roll, 72 yards......... peared essees.. 1.80 
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Cat. No. 62. Oiled Linen, 3 feet wide, any length. 
Pér bq: Yard ices dese eter eile eae canis Cea beget bates 50 
Cat. No. 63. Oiled Paper, .003 in. thick, for insulation between 
layer wound coils and for general insulation. 4 inches 
wide, per yard, .01; 244 inches wide, per yard, .0034; 
1% inches wide, .00%4. 
Cat. No. 64. Flexible Micanite Sheet, readily bent into tubes, 
thickness, .035 inch, sheets 36 inches square. 
Per sheet: isiccccouied eetere enara Eae a EOS EEEa 3.00 
Strips 36 inches long, .20 per inch in width. 


Hard Rubber Sheeting and Rod. 


SHEETING 


Price is per inch on less than 
72 square inches. 


Thickness Price 
inches Sq. ft. Per sq. in. 


% $1.40 $0.01%4 


A 2.80 02% 
¥% 3.90 03 
A 5.50 04 
% 6.50 05 
34 7.75 .06 
1 8.75 07% 
ROD 
Price is per inch on less than 
u foot. 
Thickness Price 


inches Per ft. Per in. 


VA .26 05 
34 44 08 
1 .85 15 


Note: We can furnish hard rubber sheet highly polished on 
all edges and one face at an additional cost of 40c per 
sq ft. or 1c per sq. in. on less than 40 sq. in. 
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Hard Rubber Tubing. 


Price is per inch in less than one-half foot. 
Outside Diameter Inside Diameter Price per ft. Price perin. 


yy” ts” $0.22 $0.03 
34” y” .40 .06 
te” te” 48 .06 
y” À” .82 .10 

n te” .88 10 
6 y” 1.00 .15 
114” i” 1.50 20 
2” 1%" 2.65 .40 
3” 214” 6.00 .70 


Note: Most sizes rubber tube are not carried in stock and 
are supplied only at reasonable delay. 


Bakelite Fibre Sheet. 


For electrical work this material is unequalled. Hard 
rubber will turn green and rusty with age and will melt 
with heat; black fibre will absorb moisture, will warp and 
shrink, and will not take a good finish, while this new sub- 
stance will not absorb moisture, will not warp or shrink, is 
not affected by heat, cold or acid, will take a beautiful 
satin finish, and will not lose its color or lustre. While more 
expensive in first cost it will prove cheapest in the long 
run, and as an insulator will be found better than rubber 
or fibre. 

Thickness Price per sq. in. per sq.ft. 
for 1 ft. or more 


Cat. No. B. D. 18 ¥% inch $0.02 $1.40 
Cat. No. B. D. 14 Y% inch .03 2.80 
Cat. No. B. D. 12 u inch 05 5.50 
Cat. No. B. D. 34 34 inch .07 7.75 


Silicon Steel for Transformer Cores. 


Thickness, .017 inch, averages 60 pieces to 1 inch thickness, 
weight, about % Ib. per cu. in. 
Price; per Ui. icceciceiec a situa vata end Meats weed bee $ .15 
Cut in any size pieces at 50c per 100 pieces extra. 
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Tubes for Winding Tesla Coils. 


Each 
Cardboard cylinders, 13 inches long, 8 inches diameter...... $0.35 
Cardboard cylinders, 8 inches long, 6 inches diameter...... .30 
Cardboard cylinders, 13 inches long, 8 inches diameter, wound 
for Tesla coil secondary...... EEEE EEEE bagels 1.25 
Cardboard cylinders, 8 inches long, 6 inches diameter, wound 
for Tesla coil.......... Sissies Tau E cleo es Seine eee, 490 
Edgewise Wound Copper Strip for Tesla Coil Primaries. 
Thickness of Inside di- Price, 
copper strip Width ameter of turns per turn ` 
te” A” 5” $0.10 
te” yy” T” .15 
we” yy 1034” 25 
Copper Ribbon. 

Thickness Width Price per foot. 
005” y” $0.0034 
.005” y” 01 
.016” 17 05 
016” 134” i 07% 

Hexagon Brass Nuts. 
Thread Per doz. Per 100 

Cat. No. 24. 6-32 : $0.10 $0.40 

` Cat. No. 25. 8-32 10 45 

Cat. No. 26. 10-32 12 50 

Cat. No. 27. 14-20 16 1.00 

Cat. No. 28. %-18 .20 1.10 

Cat. No. 47. Copper washers, %-inch diameter, 14-inch 

hole, %-inch thick 
Price; each caiisiwn.ci6g ooh eds coheed ie tas eevee es $0.02 
Price; per 100 sei scccccee rrara nte Vee Ree eet bene onal 1.50 

Cat. No. 48. Copper washers, 54-inch diameter, ®-inch 

hole, ts-inch thick. 
Price, each ............ EEEE ORT as vice E EA .01 
Price, per 100 cuien a a a a E sie. i) 


Cat. No. 49. Copper washers, 34-inch diameter, -inch 
hole, 1/32-inch thick. z l 
Price, each ....... ccc cece cece csc eer eeeeees veeseeeees 0034 

. Price, per 100 ......... cece cece cence i eeii eaaa vae 4805 
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Cat. No. 51. Wire test clamps, can be used for fastening 
two wires without soldering or for taking taps from 


any circuit. 

(Supplied only with wing nut in place of hex. nut shown.) 
Price, for 2 wires, each ........c cece cece cece cece ences $0.15 
Price, per dozen 2.1... . ccc cece cece eee ee eee eeeceeece 1.50 
Price, for 3 wires, each .......... ccc cece eee c cece ceees .20 
Price, per dozen .......... cece cece ete e eee e te cneeeees 2.00 


Phosphor Bronze Sheet. 


For springs, etc. In sheets 6 inches wide, cut to any desired length. 
Thickness 


B & S Gauge Per inch Per foot 
18 $0.07 $0.70 
20 06 54 
26 .04 3 .30 
28 .03 27 
30 03 22 
36 02 14 
Sheet Brass. 


Supplied only in sheets 14 inches wide, cut to any de- 
sired length. 


Thickness Price, per inch Price, per foot 
No. 2A B&S .06 .53 
No. 2 B&S 07 .70 
No. 20 B&S 09 .87 
No. 18 B&S 10 1,00 
No 16 B&S, 12 1.32 
Ye e $0.20 $1.75 
4% .40 3.50 
Å .60 5.25 
1⁄4 .80 7.00 
Threaded Brass Rod. 

Thread Per inch Per foot 
Cat. No. 50. 6-32 $ .02 $ .12 
Cat. No. 50A. 8-32 .02 18 
Cat. No. 50B. 10-33 03 .20 
Cat. No. 50C. 14-20 .04 124 


Cat. No. 50D. 1-18 04 26 


PARTS AND MATERIALS : 243 


Brass Rod. 
SQUARE ROUND HEXAGON 
Inches Price Price Price 
Diameter perin. per ft. perin. per ft. perin. per ft. 
ve $0.01 $0.03 $0.01 $0.03 $0.01  $0.033⁄4 
% 01 07 01 05 01 07 
Å 01 .08 01 06 01 08 
pA 01% 14 01% 10 01% 14 
% 02% 18 02 14 0214 18 
% 0214 24 0214 20 02% 24 
% 04 38 .03 28 04 38 
% 06 53 .05 45 06 53 
% 08 77 .06 65 08 77 
% 10 1.06 .08 -90 10 1.06 
1 13 1.40 12 1.16 13 1.40 
1% 18 1.70 14 1.46 18 1.70 
1% 22 2.15 16 1.80 22 2.15 
18% German Silver Wire. 
PRICE PER POUND. 
Siz B & S Bare Double Cotton covered 
8 $0.66 
10 68 
12 69 
14 69 
16 .69 $0.96 
18 72 98 
20 73 1.05 
26 : .86 1.54 
34 1.43 2.70 
Pure Silver Rod for Electrical Contacts. 
Cut into contacts 17/64” 
long drilled and 
tapped 3⁄4” deep, 10-32 
thread 
Inches diam. Per inch 
fs $1.00 Each $0.50 
¥% 1.50 75 
% 2.75 1.00 
% 5.75 1.50 
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Complete High 
Frequency Outfits 


For the Stage, Electro-Horticulture, 
Therapeutics, and General Experimental Work 





Complete Outfit Comprising Tesla Coil, 4% K.W. 
Transformer, Condenser, and Spark Gap for Use on 110- 
volt, 60-cycle Circuit Ready for Use............... $55.00 


Special Outfits Built to Order. 


Curtis Engineering Laboratories Co. 
104 Fifth Avenue, New York. l 





AAALAC 





GEL 





Detail: rotor, special 
moulded composition, 5 
inch diameter; brass 
electrode arms with 12 
zinc spark points ; rotor 
mounted on motor 
shaft; two stationary zinc electrodes with knurled hard 
rubber composition adjusting handles; heavily nickelled 
supporting pillars; motor, Robbins and Myers’ Standard 
for 110 volt, 60 cycle AC or 110 volt DC, with variable 
speeds up to 8000 RPM. Base, mahogany finished. Over- 
all size, 1014x7x63% inches. Shipping weight, complete gap, 
16 Ibs.; rotor and electrodes only 3 Ibs. 


PRICE 
Rotary Gap No. 442, with R and M Standard Motor. .$17. 50 
Rotor and stationary electrodes only............... 5.00 


R and M Standard Motor, as used with complete gap 12.50 





Magnetic Leakage Transformers 
Similar in Design and Construction to those described 
in this book. Self-controlling and of highest efficiency. 
Built expressly for 
high frequency work. 










Type E, Four Varia- 
tions of Power 

¥%K.W., - $30.00 
⁄ K.W., - $45.00 
Blitzen Type, Full § 
Power Only . 
1⁄4 K.W., - $15.00 
% K.W., - $22.00 


CURTIS ENGINEERING LABORATORIES co. 
104 Fifth Avenue, New York 
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